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First in Power 

N/Power means Power Windows that go beyond 
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SCIENCEySCOPE 


The U.S. Army’s Bradley Fighting Vehicle System packs more punch with its advanced TOW 2 
antitank missile. The missile features improved guidance and a more potent warhead designed to ^ 
defeat advanced enemy armor. Hughes Aircraft Company provides major elements of the Bradley’s 
fire control system including an integrated day/night sight unit, TOW missile launcher, missile 
guidance electronics, and a power control unit. The Bradley is a tracked armored vehicle used to 
transport troops. 

The innovative deployment of a new sonar system provides an improved means of detecting, 
identifying, and tracking of ocean targets. The Surveillance Towed Array Sonar Segment (SURTASS), 
developed by Hughes for the U.S. Navy, allows antisubmarine warfare commanders to have 
capabilities never before possible for the collecting and processing of undersea acoustic data. The 
system consists of a long line of sonar arrays towed behind a noncombatant craft. Target data is 
transmitted through a satellite link to land-based centers where operators can review the data on a 
detailed display. 

U.S. military aircraft crews will now be protected against laser threats. Together with the U.S. Army, 
Hughes has developed a warning system for U.S. helicopter crews subjected to laser threats. The 
AN/AVR-2 Laser Detecting Set (LDS) detects, identifies and characterizes optical signals 360-degrees 
around the aircraft. Interfacing with a Radar Signal Detection Set, the system also functions as an 
integrated radar and laser warning receiver system. The Army and Marine Corps have successfully 
completed testing and initiated production of this laser detecting system, which will soon be standard 
equipment on their combat helicopters. 

A state-of-the-art workstation will help improve air traffic control in Germany. Thirty-two of the 
workstations, developed and built by Hughes and designated the AMD 44 airspace management 
display, will be installed in the Karlsruhe Upper Air Control Center. In addition to the full color, 
common controller workstations, Hughes has developed and installed five software test stations. 

The AMD 44 workstations use high resolution, 20- by 20-inch monitors along with built-in processors 
that can be upgraded easily to increase the workstations’ performance if more computer power is 
required. The displays will be fitted into console structures already in the center. 

Hughes Environmental Systems. Inc. , a subsidiary of Hughes Aircraft Company, needs experienced 
Environmental/Chemical Engineers and Environmental Regulatory Specialists. We are making great 
strides in solving environmental pollution. We have developed our own technology base and 
environmental training to manage waste treatement, and are seeking individuals who will help us 
meet new challenges as we enhance our efforts to monitor the changing condition of the environment. 
For consideration, please send resume to; Hughes Environmental Systems, Dept. S3, Bldg. AOl, 

MS 1C902, P.O. Box 9399, Long Beach, CA 90810-0399. Proof of U.S. Citizenship may be 
required. Equal Opportunity Employer. 

For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 
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Newslog 


FEB 12. Finland’s Nokia Mobile 
Phones said it would buy Tech¬ 
nophone, based in Camberley, 
England. This merger will cre¬ 
ate a cellular phone manufac¬ 
turer second in size only to 
Japan’s NEC Corp. 

FEB 13. The Federal Commu¬ 
nications Commission, 
Washington, D.C., said it would 
allow a third mobile telephone 
service in six cities. The action 
enables Fleet Call Inc., 
Bloomfield, N.J., a provider of 
private radio service for taxi 
fleets and delivery services, also 
to offer mobile phone services 
to individuals. Using advanced 
digital transmission techniques 
to increase theuumber of calls 
over its radio frequencies. Fleet 
Call plans to build systems in 
New York City, San Francisco, 
Los Angeles, Chicago, Dallas, 
and Houston, Texas. 

FEB 14. The United States and 
Japan began negotiations to ex¬ 
tend the five-year-old semicon¬ 
ductor accord that, following 
US. complaints in the 1980s that 
Japan was dumping memory 
chips, was set up to improve 
US. access to the Japanese mar¬ 
ket. The pact ends in July. 

FEB 14. Delegates from more 
than 100 nations, including the 
United States, formally adopted 
a pact that sets a framework to 
curb the threat of global 
warming. The agreement, 
reached during a 10-day intema- 
tioiud conference in Chantilly, 
Va., also established guidelines 
for assistance to less developed 
nations that could be harmed by 
the pact. 

FEB 15. U S West Inc., Engle¬ 
wood, Colo., said it would pay 
the US $10 million fine levied by 
the U.S. Justice Depart¬ 
ment—the largest antitrust fine 
ever—for violating the 1982 
Modified Final Judgrnent. U S 
West was charged with selling 
special computerized consoles 
made by a former subsidi^ and 
selling computerized switching 


services to the General Services 
Administration at prices lower 
than those offered by AT&T Co. 

FEB 15. The first product that lets 
personal computers read hand¬ 
written Chinese and Japanese 
characters was introduced by 
Apple Computer Inc., Cuper¬ 
tino, Calif., and Communica¬ 
tion Intelligence Corp., 
Menlo Park, Calif., in an effort 
to expand their markets over¬ 
seas. The Mac Handwriter 
works with Apple’s Macintosh. 

FEB 19. The Japanese Govern¬ 
ment, reacting to a nuclear 
plant mishap that occurred on 
Feb. 9, armounced new guide¬ 
lines for shutting down nuclear 
power plants. The Ministry of 
International Trade and In¬ 
dustry said operations must 
cease whenever radioactivity 
rises 20 percent or more. 

FEB 21. Sharp Corp., Japan’s 
largest maker of flat-panel dis¬ 
play screens, said it would begin 
producing them in a new plant 
being built in Camas, Wash. The 
announcement, which came a 
week after the U.S. Commerce 
Department accused Japanese 
screen manufacturers of selling 
their products below market 
value, made it the first Japanese 
maker to move screen produc¬ 
tion to the United States. 

FEB 21. Poland’s Communica¬ 
tions Ministry said AT&T Co. 
will invest in the country’s tele¬ 
phone network—up to US $800 
million, according to the official 
P.A.P. news agency. 

FEB 22. The Federal Commu¬ 
nications Commission, 
Washington, D.C., approved ap¬ 
plications by three cable compa¬ 
nies to build experimental tele¬ 
phone networks allowing people 
to use wireless telephones sniall 
enough to be carried in shirt 
pockets. To pick up the signals, 
Cox Enterprises, Atlanta, 
Ga.; Cablevision Systems 
Corp., Woodbury, Long Island, 
N.Y.: and Continental Cable- 


vision Inc., Boston, will tie to¬ 
gether scores of low-powered 
radio towers scattered through¬ 
out a city. 

FEB 25. Zenith Electronics 
Corp., Glenview, Ill., said it had 
sold nearly a 5 percent stake in 
the company to Goldstar Co. of 
South Korea—one of the first big 
investments by a Korean firm in 
a pubhcly traded U.S. company. 

FEB 25. Sun Microsystems 
Inc., Mountain Yiew, Calif., and 
Hewlett-Packard Co., Palo 
Alto, Calif., announced a joint ef¬ 
fort to develop advanced soft¬ 
ware that will allow their and 
other companies’ computers to 
work together. Their goal: to 
create a standard that will be 
selected by the Object 
Management Group, an or¬ 
ganization of over 100 high- 
technology concerns that is try¬ 
ing to develop standards for 
object-oriented software. 

FEB 2B. Researchers at Bell 
Commimications Research 
Inc., Livingston, N.J., said they 
were using a laser instead of a 
quartz crystal to boost the speed 
of a computer’s clock. 

FEB 28. Ing C. Olivetti S^, 

Turin, Italy, launched the first 
portable computers made in Eu¬ 
rope by a European manufac¬ 
turer. 'The company said it hopes 
its three notebook and two lap¬ 
top models—made by a German 
subsidiary—will enable it to cap¬ 
ture 10 percent of the Europe¬ 
an portable computer market- 
put at US $3 biQion this year. 

MAR 1. A Federal District judge 
in San Francisco ruled that the 
Intel Corp., Santa Clara, Calif., 
was not entitled to trademark 
protection on the name of its 386 
microprocessor on the grounds 
that 386 is a generic term. The 
ruling absolves Advanced 
Micro Devices Inc., Sunny¬ 
vale, Calif., of trademark in¬ 
fringement and makes it easier 
for it and others to market chips 
compatible with the 386. 


MAR 5. The National Aero¬ 
nautics and Space Adminis¬ 
tration, Washiiigton, D.C., sub¬ 
mitted a revised plan for its 
orbiting space station to the Na¬ 
tional Space Council. The 
agency plans to reduce the sta¬ 
tion’s size and cost, cut its as¬ 
tronaut crew in half, and make 
construction and repair easier. 

MAR 5. The British Govern¬ 
ment said it would open the UK 
telephone network to competi¬ 
tors, including mobile and cable 
operators. The most obvious 
beneficiaries are the seven U.S. 
Bell operating companies, 
which have been buying shares 
in British cable-TV companies in 
anticipation of such a move. 

MAR 6 . The U.S. Commerce 
Department announced that 11 
companies had been awarded $9 
million in matching grants that 
are designed to foster irmovative 
civilian technologies and restore 
U.S. competitiveness. The tech¬ 
nologies included inexpensive 
flat-panel display screens, ad¬ 
vanced X-ray lithography re¬ 
search, and advanced supercon¬ 
ductor research. 

MAR 6 . President George 
Bush in an address to a joint 
session of the U.S. Congress 
said the war in the Persian Gulf 
between the U.S.-led coalition 
forces and Iraq was over. A day 
earlier, the Bush administration 
had opened a special office to 
help U.S. companies bid for bil¬ 
lions of dollars in reconstruction 
contracts to be awarded by war- 
devastated Kuwait. Priorities in¬ 
clude power systems and repair¬ 
ing the enviromnent. 

Preview. 

APR 12. Testing will begin by the 
Federal Communications Com¬ 
mission’s Advisory Commit¬ 
tee on Advanced Television 
Service in Alexandria, Va., to 
adopt a U.S. high-definition TV 
standard. The tests are to last 
about one year. 


COORDINATOR: Sally Cahur 
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21 A chicken-and- 
egg problem 

By DONALD CHRISTIANSEN 
Like the shoemaker’s children, engineers 
often are slow to benefit from their own 
creations. Information retrieval is one 
example. Engineers may require data that 
they are convinced is online, but lack the 
time to acquire the expertise to find it. 
More sophisticated software could help. 
But until software designers are persuaded 
to create it, Gutenberg-era habits will 
persist-scan, save, and struggle with 
growing paper caches. 


SPECIAL REPORT 


22 Who leads? A poll’s 
surprising answers 

By ALFRED ROSENBLATT 



Amid talk of a decline in LI.S. 
competitiveness, a sampling of the 
opinions of Spectrum's readers yields 
surprises. Commissioned by Japan’s 
leading financial daily, Nihon Keimi 
Shimbun, the Gallup Organization asked 
a cross section of IEEE members which 
country they thought leads overall 
technologically, in which categories, and 
what the future holds. Also explored 
were what areas of technology most 
urgently deserve support, and the 
expected impact of arms budget cuts. 


31 A special guide to engineering workstations 


By GADI KAPLAN 



tool for design and information sharing among engineering teams. With the aid of industry 
experts. Spectrum looks into engineering environments, distributed computing, and add ons 
for workstation enhancements, as well as 1C design decisions for an advanced workstation. 
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All-digital TV’s 
promise/problems 

By RONALD JURGEN, 

WILLIAM F. SCHREIBER 
Last June all-digital systems burst 
onto the U.S. hIgh-defInition TV 
scene, and four are now scheduled 
by the Federal Communications 
Commission for testing. They offer 
unequivocal advantages over 
analog systems; but handicaps 
such as limited area coverage, 
abrupt signal degradation at service 
margins, and perceived spectrum 
inefficiency pose questions. Parallels 
with the debate preceding color TV 
deserve consideration. 
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74 Navstar’s godfather, 
still proselytizing 

By TEKLA S. PERRY 
Dangers to the Persian Gulf coalition 
forces might have multiplied had it not 
been for Ivan Getting, whose vision in 
the ’60s helped make the Navstar global 
satellite positioning system a reality. He 
conceived of a network of navigation 
satellites serving as a pinpoint guidance 
sjBtem, with future added civilian and 
military uses. Many have become reality. 
And Getting keeps on pushing. 



77 Japan’s nuclear 
stakes 

By MICHAEL CROSS 
Though already No. 4 in the world in 
nuclear power generation, Japan still 
depends on others for uranium and 
the reprocessing of its spent fuel. So 
its Ministry of International Trade and 
Industry has ambitious plans to 
reprocess fuel and create a waste 
depository at home, besides adding two 
plants a year for 20 years to meet future 
ecology-sensitive energy needs. 
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Cover: Artist James 'icing portrays 
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Forum 


Whist/e-blowing 
or hot air? 

Some whistle-blowers have done quite well 
[“Whistle-blowing: not always a losing 
game,” December, p. 49], but is that vin¬ 
dication? The three who quit General Elec¬ 
tric Co.’s nuclear division in San Jose, Calif., 
got tremendous publicity through careful or¬ 
chestration over the previous weeks, in 
order to capitalize on the news networks’ 
eagerness to air their story. 

At [Chicago-based] Commonwealth Edi¬ 
son Co., we were operating four 800- 
megawatt nuclear power reactors of the GE 
design that the three criticized. We took the 
media very seriously. We flew an engineer 
to Washington, D.C., to pick up the report. 
(With all their concerns about safety, the 
three did not see fit to tell the companies 
that were operating the plants about their 
concerns. If a utility knew of such safety con¬ 
cerns and did not report them promptly to 
the safety regulators, it would be subject to 
civil and criminal penalties.) As soon as a 
copy of the report reached Chicago, a team 
of 30 engineers worked through the night to 
see if any safety issue should dictate immedi¬ 
ate shutdown of our plants. There was 
nothing. 

We took the matter seriously because one 
of the GE engineers. Dale Bridenbaugh, had 
been on the start-up team for our Dresden 
1 unit. Our people knew and respected 
Bridenbaugh. After the media splash, we 
learned that the three were members of a 
group called Creative Initiative that had 
taken a position on the nuclear shutdown in¬ 
itiative then on the ballot in California. 

It became known that whatever his con¬ 
cerns with GE management over safety, 
Bridenbaugh had argued forcefully vdth 
Creative Initiative’s leaders against taking 
a position in support of Proposition 15. (The 
proposition would have stopped nuclear 
power in California, and its backers were 
known to be otgaiMing to use it as a spring¬ 
board for similar initiatives in other states 
to stop completion of plants licensed for safe¬ 
ty by the Nuclear Regulatory Commission.) 

Perhaps the fact that whistle-blowers have 
made some money is the proper test. But 
I do not think so. (None of their ‘ ‘safety con¬ 
cerns’ ’ were new, and none resulted in any 
changes in designs or in any plants. Even 
Dresden 1, which went into operation a de¬ 
cade before most of the GE plants the three 
criticized, operated very safely for 25 years.) 
The income of MHB Technical Associates 
[the San Jose, Calif., consulting firm run by 
Bridenbaugh and his associates] has come 


from anti-nuclear groups, political state util¬ 
ity commissions, ombudsmen and oppor¬ 
tunistic politicians, and the producers of The 
China Syndrome, not from anyone with ac¬ 
tual responsibility for safety. 

MHB’s latest ‘ ‘reactor safety study’’ for 
the Union of Concerned Scientists was 
presented in Washington this past summer 
and sank like a stone. It contained no new 
or significant safety revelations. Its big claim, 
that the nuclear industry is promoting ad¬ 
vanced reactors as ‘ ‘inherently safe, ’ ’ is sim¬ 
ply phony. As assistant secretary for nucle¬ 
ar energy at the U.S. Department of Energy 
in 1986, I stated my concerns about that 
meaningless term, and its use has been 
dropped by the Department of Energy, the 
nuclear industry, and the reactor designers. 

Because these whistle-blowers have been 
able to make money, should they really be 
held up as role models for responsible, so¬ 
cially conscious engineers? 

A. David Rossin 
Los Altos Hills, Calif. 


Eilucation machinations 

I read with interest the article “Reversing 
sagging precollege skills in mathematics and 
science” [December, pp. 44-47]. In “Tying 
in the real world, ’ ’ many do not see the for¬ 
est for the trees. Too much specialization 
and not enough generalization will not cre¬ 
ate enthusiasm for learning. Most of the 
good teachers and professors (as a Life 
Member I have had many) under whom I had 
the good fortune to study would try to link 
a problem to something in one’s daily living. 
I think the education process today does not 
give children a good foundation. 

In the example using potatoes, the baking- 
size potatoes should have been reduced to 
a much smaller size than shown, perhaps 
80-100 cubic centimeters to be cooked to a 
done state if immersed in boiling water (wet 
heat) for half an hour. 

Likewise, if these nice bakers were placed 
in a 250 °C oven (dry heat), they would all 
burst in about half an hour or less. Most 
cookbooks recommend a 163-177 °C oven. 
Perhaps the author meant a 150 °C oven in 
which the bakers, if not too large, might be 
done in an hour. 

There are too many students going from 
grade school to high school who carmot add 
or multiply unless they use their calculator. 
Minds like these cannot be creative because 
they lack a good foundation. 

Hobart B. Bunce 

Hoffman Estates, III. 


I am happy to see that the IEEE and other 
engineering societies are beginning to take 
an active part in precollege education. It is 
time that the users and practitioners take 
over control from the educational establish¬ 
ment. 

There is one very simple reason why U.S. 
children do badly in math and why, in addi¬ 
tion, an ever decreasing number of them go 
into math, science, and engineering: they 
get turned off by inept teaching, irrelevant 
course content, and ridiculous textbooks. 

The fact is that the educators who set the 
syllabus, who write the textbooks, and who 
eventually teach math and science courses 
are mostly unfamiliar with their subject. All 
they know is what they read in other books, 
or hear from other educators. Instead of talk¬ 
ing with scientists and engineers—people 
who use math all day and are most able to 
tell which math and science concepts are im¬ 
portant and which are not—educators have 
become an isolated group that has gradual¬ 
ly developed its own ideas of what and how 
it should teach. 

Teachers’ colleges deal mostly with how 
to teach, not what to teach. The medium is 
the message. If it’s too hard to teach science, 
then let us teach the ‘ ‘scientific method’ ’ in¬ 
stead. If teaching physics or chemistry is too 
hard, let’s make up something new to 
teach—perhaps “earth science” or “en¬ 
vironmental science’ ’ will do as a good sub¬ 
stitute. Any science can be used to teach the 
scientific method, right? 

This is nothing but a cop-out. The result 
is that much of what children learn bears no 
relationship to the real world. Let me give 
some examples I have run across: 

• Did you know that the dependent variable 
is the ‘ ‘image, ” and the independent vari¬ 
able is the ‘ ‘pre-image”? That is the termi¬ 
nology my son’s high school math book uses. 

• Did you know that a staircase is an excel¬ 
lent example of an inclined plane? That’s 
what my daughter’s physics book said. 

• Did you know that the mechanical advan¬ 
tage of a single-speed bicycle is 11 or 12? If 
that physics workbook were right, all our 
tow trucks could be replaced by 10-speed bi¬ 
cycles. 

• How about the high school computer 
teacher who cannot understand why an IBM 
PC cannot read an ASCII text file from an 
Apple II disk—after all, isn’t ASCII sup¬ 
posed to be universal? 

• I’ve run across college freshmen who 
thought 0.2 was a half, 0.3 was a third, and 
0.4 was a quarter. Ask them to multiply 3 
times 6, and they rush for their calculator. 
If they hit the wrong key and get 57, that 

(Continued on p. 90) 
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■ 1024 complex FFT in 0.8 msec. 

■ 80 MFLOPS to 1.5 GFLOPS 

■ 160 MB/sec I/O 

■ Large memories 

■ pSOS+ Multiprocessing 

■ CASE Tools 

■ To find out how SuperCard can work for you, call: 

1 - ^ UI 1-800-325-3110 or 617-272-6020, (Fax 508-663-0150) 

^ or write CSPI, 40 Linnell Circle, Billerica, MA 01821. 


SuperCard is a trademark of CSP Inc., i860 is a tradeir 
TURBOchannel is a trademark of Digital Equipment Corp. 
pSOS+ is a trademark of Software Components Group, Inc. 


Sjml * Performs. 
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The second generation of i860-based SuperCards™ is here... 
vector processors with CigaFLOPS system capability, 
concurrent I/O via secondary buses, large math libraries, 
FORTRAN and C development software... and, best of 
all, the best price on the market. The SuperCard family 
is compatible with VMEbus, ATbus, EISAbus and 
TURBOchannel platforms for hosts like Sun, HP, Motorola, 
Compaq, and DEC... here's what you get: 
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Rubber and Plastics Confer¬ 
ence (lA); April 15-16; Quaker 
Square Hilton, Akron, Ohio; D. 
Babich, General Tire & Rubber 
Co., 1 General St., Akron, Ohio 
44239; 216-798-2832. 

Ninth Annual VLSI Test 
Symposium (COMP et al.); 
April 16-18; Bally’s Park Place 
Casino Hotel, Atlantic City, N.J.; 
K. Chao, Johns Hopkins Univer¬ 
sity, APL-Johns Hopkins Road, 
Laurel, Md. 20723; 301-953- 
6121; fax, 301-953-1093. 


International Workshop: 
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S.C. 29671; 803-878-6326. 
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• Micro System Applications in 
Automotive Engineering 
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and Electronics Engineers 
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213-641-5117. 

International Symposium 
on Power Semiconductor 
Devices (ED); April 22-24; 
Baltimore, Md.; M. Ayman 
Shibib, AT&T Bell Laboratories, 
2525 N. 12th St., Reading, Pa. 
19612; 215-939-6576. 

10th International Symposi¬ 
um on Computer Hardware 
Description Languages and 
their Applications (IFIP et 
al.); April 22-24, Marseille, 
France; Ronald Waxman, 
Department of Electrical En¬ 
gineering, Thornton Hall, 
University of Virginia, Char¬ 
lottesville, Va. 22903-2442; 
804-924-6086. 

International Symposium 
on Subscriber Loops and 
Services-ISSLS ’91 (COMM 
et al.); April 22-25; Raicon- 
grescentrum Europaplein, Am¬ 
sterdam, the Netherlands; Paul 
’tHoen, PTT Netherlands, Box 
39,2260 AA Leidsehenam, the 
Netherlands; (31 -f 70) 43 22 33; 
fax, (31+70) 43 21 40. 


Industrial and Commercial 
Power Systems Conference- 
I&CPS ’91 (lA); May 6-9; Air¬ 
port Hilton, Memphis, Tenn.; 
Allan H. Long, Memphis Light, 
Gas, & Water Division, Box 430, 
Memphis, Term. 38101-0430; 
901-528-4859. 

Power Industry Computer 
Applications Conference- 
PICA ’91 (PE); May 7-10; 
Hyatt Regency/Sheraton, Balti¬ 
more, Md.; William Keagle Jr., 
Baltimore Gas & Electric Co., 
Electric Test Facility-RBC, Box 
1475, Baltimore, Md. 21203; 
301-281-3788. 


IEEE members attend more than 
5000 IEEE professional meetings, 
conferences, and conventions held 
throughout the world each year. 

For more information on any meet¬ 
ing in this guide, write or call the 
listed meeting contact. Information 
is also available from: Conference 
Services Department, IEEE Service 
Center, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 08855; 908-562- 
3878; submit conferences for list¬ 
ing to: Rita Holland, IEEE Spec¬ 
trum, 345 E. 47th St., New York, 
NY 10017; 212-705-7569. 

For additional information on 
hotels, conference centers, and 
travel services, see the Reader 
Service Card. 
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and useful information on books, conferences, and 
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ace says the book was ‘ ‘designed with teach¬ 
ing purposes in mind in an effort to help rec¬ 
tify the shortage of texts” on computer 
ethics. This statement is surprising because 
the book contains few of the pedagogical aids 
usually found in a textbook. Though seven 
of the eight chapters do contain one scenario 
for the student to think about as homework, 
and one chapter suggests an in-class role- 
playing exercise, no other exercises or ques¬ 
tions are presented at the end of each 
chapter. 

Other areas where the book falls short in¬ 
clude the scenario on software ownership, 
which is actually about logic bombs (pieces 
of code that initiate a destructive subroutine 
when certain conditions arise), and thus be¬ 
longs in a different chapter. Also, the sec¬ 
tion on computers and elections is not about 
privacy, but rather about computer crime or 
malfunctions, and so belongs with these 
topics. 

The book’s most serious problem, how¬ 
ever, is in the chapter on hacking. At the 
very least, a textbook should do no harm. 
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of photons and electrons, and related devices and 
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view articles on all areas of optoelectronics: basic 
phenomena, materials processing, optoelectron¬ 
ic devices, optoelectronic systems, and so on. 
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Hackers or heroes? 

Terrell Ward Bynum 

This book has several virtues and a serious 
defect. The virtues would make it an attrac¬ 
tive high school or college textbook. Indeed, 
the authors say their “simple aim” was 
“sensitizing undergraduate computer 
science students to ethical issues. ’ ’ With the 
aid of a competent teacher, Computer Ethics 



could no doubt achieve this modest goal. 
But the defect could make it a nuisance, 
even a danger, to student users, their 
schools, and possibly their communities. 


Forrester and Morrison have gathered a 
treasure chest of cases illustrating “prob¬ 
lems created for society by computers.” 
Relying heavily on Peter Neumann’s contri¬ 
butions to Software Engineering Notes and 
on various magazine and newspaper reports, 
they present case after case of computer 
crime, software theft, hacking, viruses, in¬ 
vasion of privacy, computer malfunction, and 
other computer-caused problems. Descrip¬ 
tions that often have the “gee-whiz” tone 
of sensational newspaper reports make the 
book entertaining and easy to read, even for 
students who might normally find such fare 
uninteresting. 

Alongside these spicy accounts is the oc¬ 
casional helpful explanation or elaboration. 
For example. Chapter 2 on computer crime 
explains why reported crimes may be only 
“the tip of the iceberg,’ ’ and Chapter 5 has 
one of the clearest explanations I have ever 
seen of why complex computer systems are 
often unreliable and plagued by bugs. 

Among these merits, however, lurk some 
minor shortcomings. For example, the pref¬ 


ace says the book was ‘ ‘designed with teach¬ 
ing purposes in mind in an effort to help rec¬ 
tify the shortage of texts” on computer 
ethics. This statement is surprising because 
the book contains few of the pedagogical aids 
usually found in a textbook. Though seven 
of the eight chapters do contain one scenario 
for the student to think about as homework, 
and one chapter suggests an in-class role- 
playing exercise, no other exercises or ques¬ 
tions are presented at the end of each 
chapter. 

Other areas where the book falls short in¬ 
clude the scenario on software ownership, 
which is actually about logic bombs (pieces 
of code that initiate a destructive subroutine 
when certain conditions arise), and thus be¬ 
longs in a different chapter. Also, the sec¬ 
tion on computers and elections is not about 
privacy, but rather about computer crime or 
malfunctions, and so belongs with these 
topics. 

The book’s most serious problem, how¬ 
ever, is in the chapter on hacking. At the 
very least, a textbook should do no harm. 
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but I am frankly worried that Computer 
Ethics does not meet this basic requirement. 
Although it tries to give both sides of the ar¬ 
gument about hacking, passages like this one 
on p. 60 stand out: 

“After all, when one ‘breaks’ into 
a system, nothing has been broken at 
all—hence there is no obvious intent 
to cause harm. When a file has been 
copied or selectively viewed, then 
what has been stolen? The informa¬ 
tion is, after all, still there. And if one 
happens to try out a few programs 
while browsing through a system, is 
this almost analogous to seeing some¬ 
one’s bicycle, riding it for a few 
meters and then putting it back? 
Again, what harm has been caused, 
what crime has been committed?” 

The authors refer to those who engage in 
such “cracking” as “modern-day Robin 
Hoods”: 

“Given that more and more informa¬ 
tion about individuals is now being 
stored on computers, often without 
our knowledge or consent, is it not 
reassuring that some citizens are able 
to penetrate these databases to find 
out what is going on? Thus it could be 
argued that hackers represent one 
way in which we can help avoid the 
creation of a more centralized, even 
totalitarian goverrunent. ” 

They compare hackers with newspaper 
reporters defending freedom of the press or 
freedom of information, arguing that, ‘ ‘in a 
fair and open society, ’ ’ hack^ that destroys 
nothing and steals nothing should be 
tolerated—indeed, that prevention of such 
hacking would be similar to racial, ethnic, or 
religious repression. 

Chapter 4 also describes equipment need¬ 
ed for hacking, contains specific information 
on breaking into other people’s computer 
systems, and lists detailed, “how-to” hack¬ 
ers’ guidebooks for further reading. 

For these reasons, I fear that this book 
may encourage some students to engage in 
illegal extracurricular activities—and do so 
self-righteously—under the mistaken im¬ 
pression that they are defending some noble 
cause. 

A moment’s reflection on so-called 
‘ ‘harmless’ ’ hacking reveals the tremendous 
damage it can do. Is it okay, for example, to 
break into someone’s computer and read un¬ 
published manuscripts, a personal journal, 
or love letters? Should people have access 
to the computer systems of doctors, lawyers, 
banks, accountants, hospitals, psychiatrists? 
Is such behavior noble? 

Is there any ethical difference between the 
burglar who, without breaking anything, 
enters a doctor’s office, and reads confiden¬ 


tial files, and the hacker who reads the same 
files by remotely “breaking into” the doc¬ 
tor’s computer system? In both cases, an 
egregious violation of the right to privacy oc¬ 
curs. Was that right somehow repealed when 
computers were invented? Surely not. 

Privacy is not some small thing to be 
sacrificed to a hacker’s curiosity. It is a fun¬ 
damental right, without which our quality of 
life would be seriously degraded. Yet some 
students who read this book may very well 
get the impression that intrusive forms of 
hacking are in some way noble activities. 

For these reasons, I worry that Computer 
Ethics, if widely adopted as a textbook, 
could teach students more about hacking 
than about ethics. The first targets would be 
school computers, followed by other sys¬ 
tems worldwide. And repercussions for the 
students, if caught, would be serious. 

I hope it never comes to that. 

Termll Ward Byrtum is director of the Research Center 
on Computing and Society at Southern Connecti¬ 
cut State University in New Haven. He was editor of 
a speciai issue on computer ethics of the journat 
Metaphilosophy (pubiished in October 1985 ty Basil 
Biackweli, Oxford, England), and will be co-chairman 
of a conference next August on "Computing and 
Values," funded by the National Science Foundation. 

Understsntling uncertainty 

Joseph Fragola 

‘ ‘The past decade has seen a growing recog¬ 
nition that policies that ignore uncertainties 
about technology, and about the physical 
world, often lead in the long run to unsatis¬ 
factory technical, social, and political out¬ 
comes,” the authors note at the outset of 
this new contribution to the study of uncer- 

(fncertafflty; 4 
Bulde to Dealing 
With Uncertainty 
In Quantitative 
Risk and Policy 
Analysis. M. Granger 
Morgan and Max Hen¬ 
don, Cambridge Uni¬ 
versity Press, Cam¬ 
bridge, England, and 
New m, 1990, 250 
pp., $44.50. _ 

tainty and risk. They rightly attribute this 
change in perspective to the rising interest 
in the quantitative analysis and assessment 
of risk. 

The authors describe the general ap¬ 
proaches and specific methodologies that 
deal with scientific and technical uncertainty 
in the areas of risk analysis, quantitative poli¬ 
cy analysis, and policy-focused research. 
Their book covers the entire analysis pro¬ 
cess, whose basic steps are summarized in 
their conclusion: “identifying the sources of 
uncertainty, expressing them in the form of 
probability distributions, choosing appropri¬ 
ate computational methods for propagating 


uncertainty through the model to analyze its 
effects, and devising clear ways to commu¬ 
nicate the results.” 

This undertaking is formidable not only 
because the subject is so current and the 
areas of application so broad, but also be¬ 
cause of the diversity of the relevant 
audience—in both type and level of techni¬ 
cal expertise. The book’s potential audience 
runs the gamut from the risk or policy ana¬ 
lyst to the administrative or pohcy decision¬ 
maker who is more interested in the strate¬ 
gic issue of when uncertainty is of interest 
in decision making. 

The issues are introduced through three 
well-chosen case studies of recent major 
pohcy problems whose analysis involved 
techniques for explicitly treating 
uncertainty—a safety study by the U.S. Nu¬ 
clear Regulatory Commission, an ambient- 
air-quahty standards study by the Environ¬ 
mental Protection Agency, and an analysis 
of the depletion of stratospheric ozone by 
chlorofluorocarbons led by the Nation^ 
Academy of Sciences. Since these cover a 
variety of scientific fields, involve key poh¬ 
cy issues, and are all publicly available, the 
reader has a ready reference if more details 
are desired. 

The authors encapsulate each study nice¬ 
ly, highhghting the uncertainty-related issues 
of interest. Ah are short enough to merit a 
reading as a memory refresher, by even the 
seasoned risk analyst. 

Chapter 3 is an overview of quantitative 
pohcy analysis. Again, for the experienced 
reader, it is a useful checklist for undertak¬ 
ing analysis and a reminder of the iterative 
nature of analysis. The newcomer wih glean 
a good understanding of the framework of 
analysis, although the material is directed too 
much, perhaps, at pohcy-related studies and 
gives risk analysis and assessment too lit¬ 
tle attention. 

The authors’ attack on the problem of un¬ 
certainty begins in earnest in Chapter 4 
when they introduce the nature of probabil¬ 
ity. They avoid wasting time on the argu¬ 
ments between the frequentists and Bayes- 
ians. They concisely note that the 
frequentists view probability from an “ob¬ 
jective” perspective, and then unashamedly 
adopt the Bayesian view, which emphasizes 
the alternative “subjective” viewpoint. 

Then they make the extremely important 
observation that in probabilistic analysis only 
empirical or chance quantities can properly 
be represented by subjective probability dis¬ 
tributions, and it is generally inappropriate 
to represent uncertainty about decision vari¬ 
ables and value parameters by probabihty 
distributions. This is a keen insight often 
missed by even veteran analysts. 

Chapter 5 offers a short course in proba¬ 
bility distributions and statistical estimation. 
While it is unlikely to serve as a sohd foun¬ 
dation for those unfamihar with these con- 
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cepts, its many references will aid new¬ 
comers, and practitioners will find it a con¬ 
venient reference. The next two chapters 
deal with the problem of using human judg¬ 
ment and assessing the uncertainty associat¬ 
ed with these judgments. 

Described in Chapter 8 are the various 
analytic and computational techniques avail¬ 
able for examining certain inputs as they are 
propagated throughout a model. The treat¬ 
ment of the classic analytic methods is 
necessarily mathematical and essential even 
though it may lose nontechnical readers— 
decision-makers, for example. Though, as 
the authors point out, these methods are 
rarely useful beyond first-order assess¬ 
ments, they are wisely included for the sake 
of completeness. 

The authors emphasize that while the 
discrete probability approach is now more 
popular, it becomes intractable with more 
than a dozen or so inputs. Thus, for com¬ 
plex analysis, use of the Monte Carlo meth¬ 
od is on the rise, a practice that will con¬ 
tinue as flexible Monte Carlo software 
becomes more available. This chapter also 
discusses the importance of software and 
refers to available packages. 


Chapter 9 emphasizes the need to display 
results of analysis in such a way as to put 
them in the proper perspective. It should be 
of interest to any decision-maker who has 
ever had to decipher analysis data and com¬ 
municate their essence to other policymak¬ 
ers or to the public. 

Chapter 10, which explains a detailed ap¬ 
plication of a particular tool the authors use, 
comes across as a bit self-serving. It prob¬ 
ably would have served readers better in an 
appendix. 

However, the reader is not long disap¬ 
pointed because the next chapter reveals a 
keen insight into the actual uses of models. 
The authors point out that good analysts use 
models as tools in a sensitivity-driven iter¬ 
ative fashion and that for this reason, good 
analysts are hard to find, especially in regula¬ 
tory bodies. Since such bodes are often the 
sponsors of the model, this often results in 
the development of large and complex 
models that include many superfluous fea¬ 
tures while excluding other features that 
are critical. The best way to use large, com¬ 
plex models in policy analysis, the authors 
say, is to abstract those portions that can 
provide the relevant empirically validated 
insights. 

The final chapter addresses the limitations 
of analysis in light of uncertainties and the 


conditions under which ignoring these un¬ 
certainties can degrade the analytical and 
ethical correctness of the results. 

This book is a significant contribution to 
the exploration of the basic issues and con¬ 
stitutes an important addition to the techni¬ 
cal literature addressing uncertainty. 

Joseph ft Fragola (S/Wj, a 20-year nsferar? in the fields 
of reliability and risk analysis, is vice president and 
manager of the safety, reliability, and risk-assessment 
operation at Science Applications International Corp. 
(SAIC) in New York City. He is co-author of Human 
Reliability Analysis; A Systems Engineering Ap¬ 
proach With Nuclear Power Plant Applications (John 
Wiley & Sons, 1989). He coordinated the develop¬ 
ment of IEEE Standard 500, the Reliability Data 
Manual. 


COORDINATOR: Glenn Zorpette 
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CLIST Programming. Bosler, Kurt, McGraw- 
HiU, New York, 1990, 303 pp., US $47.95. 

Nonlinear Systems. Vol. II: Applications to 
Bilinear Control. Mohler, Ronald R., Pren¬ 
tice-Hall, Englewood Cliffs, N.J., 1991,213 
pp., $48. 
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Textile, Fiber, and Film Conference 

(lA); May 8-9; Hyatt Regency, Greenville, 
S.C.; Phil Kemp, Electrical Systems Inc., 
Box 22548, Chattanooga, TN 37422; 
800-366-6277. 

Pacific Rim Conference on Communi¬ 
cations Computers and Signal 
Processing (Victoria Section); May 9-10; 
Pan Agathoklis, Department of Electrical 


and Computer Engineering, University of 
Victoria, Box 3055, Victoria, B.C., Canada 
V8W 3P6; 604-721-8618. 

Fourth IEEE Symposium on 
Computer-Based Medical Systems 
(COMP et al.); May 12-14; Stouffer Harbor- 
place Hotel, Baltimore, Md.; Jeffrey Lesho, 
Johns Hopkins University, Johns Hopkins 
Road 13-5112, Laurel, Md. 20723-6099; 301- 
792-5000, ext. 8057. 

41st Electronic Components and Tech¬ 
nology Conference (CHMT); May 13-15; 


Westin Peachtree Plaza, Atlanta, Ga.; Jim 
Bruorton, do KEMET Electronics Corp., 
Box 5928, Greenville, S.C. 29606; 
803-963-6621. 

Custom Integrated Circuits Confer- 
ence-CICC ’91 (ED); May 13-16; Town 
& Country Hotel, San Diego, Calif.; Laura 
Morihara, Convention Coordinating, 47-344 
Waihee Rd., Kaneohe, Oahu, Hawaii 96744; 
808-239-4790. 

Fifth International Conference on Ad¬ 
vanced Computer Technology- 
Compeuro ’91 Reliable Systems and 
Applications (ED); May 13-16; Palazzo 
della Cultura e dei Congress!, Bologna, Italy; 
Sercoop Congress!, Via Crociali 2,40100, 
Bologna, Italy; (39+51) 300811. 

Ideas in Science and Electronics Sym- 
posiiun and Exposition (IEEE Albuquer¬ 
que et al.); May 14-16; Albuquerque Con¬ 
vention Center, New Mexico; Dave Smoker 
Communications, 218 Manzano, N.E., Albu¬ 
querque, N.M. 87108; 505-266-7292; or 
Charles E. Christmann, c/o ISE Inc., 8100 
Mountain Rd. N.E., Suite 109, Albuquerque, 
N.M. 87110; 505-262-1023. 

Instrumentation and Measurement 
Technology Conference (IMTC); May 
14-16; Omni Hotel at CNN Center, Atlan¬ 
ta, Ga.; Robert Myers, 3685 Motor Ave., 
Suite 240, Los Angeles, Calif. 90034; 213- 
287-1463; fax, 213-287-1851. 

International Conference on Acous¬ 
tics, Speech and Signal Processing 
(SP); May 14-17; Sheraton Centre, Toron¬ 
to, Ont., Canada; ICASSP ’91, c/o Southex 
Exhibitions, 1450 Don Mills Rd., Don Mills, 
Ont., Canada, M3B2X7; 416-445-6641; fax, 
416-442-2207. 

Vehicular Technology Conference (VT 
et al.); May 19-22; Sheridan West Port Inns, 
Maryland Heights, Mo.; Jay Undeidown, 58 
Judy Dr., St. Charles, Mo. 63301; 314-946- 
9980 (0); 314-723-4200 (H). 

International Semiconductor Manu¬ 
facturing Science Symposium (ED); 
May 20-22; San Francisco Airport Hilton 
Hotel, San Francisco; Corinne Caignoni, 
SEMI, 805 E. Middlefield Rd., Mountain 
View, Calif. 94043; 415-940-6950. 

National Aerospace and Electronics 
Conference-NAECON ’91 (AES et al.); 
May 20-24; Dayton Convention Center, 
Ohio; Sue Brown, ASD/ENES, Wright- 
Patterson AFB, Ohio 45433-6503; 
513-255-6281. 

Appliance Industry Conference (lA); 
May 21-22; University of Wisconsin, Mai- 
(Continued on p. 14D) 


Maximum 

RELIABILITY 

FOR YOUR SWITCH 
APPLICATIONS 



Do your applications include medical, test, avionic equipment, in¬ 
strumentation, etc.? Look into the proven reliability and quality of 
these individually hand-assembled instrument & control switches. 
Designed to meet MIL-S-3786, Style SR04, for shock, vibration, 
high altitude, moisture and dust resistance, etc. 

Basic Specs: 2.5A at 120VAC, 2A at 30VDC (resistive). Up to 40 
poles. Up to 12 positions. 

Options Include: Shorting and Non-Shorting Contacts, Dual Con¬ 
centric Shafts, etc. 

e ELECTROSW/TCH 

UNIT OF ELECTRO SWITCH CORP. 

Weymouth, Massachusetts 02188 
Telephone: 617/335/5200 • FAX: 617/335/4253 
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** Location And Logistics 
** \ Industrial Infrastructure 

* ★ Workforce 


A great cup of cocoa, 
but a very disciplined 
coffee break 


Holland’s workforce is one of its 
strongest business assets, embocb^- 
ing an extraordinary combination 
of language and technical skills, 
know how, discipline, work ethic 
and “can do” attitude. 

The Netherlands has had the low¬ 
est number of days lost to strikes 
and the lowest increase in unit 
labor costs in the EC over the 
last decade. We have about the 
highest productivity as measured 
by relative unit labor costs in 
manufacturing. 

The Dutch people are seen as the 
most outwardly oriented and multi¬ 
lingual of Europeans. English is 
virtually a second language. 

The Dutch are also versed in the 
languages of business and high- 
technology. 

Government pohcy and spending 
forge strong links between educa¬ 
tion and industry. Thirteen univer¬ 
sities and more than 100 technical 
institutes train the management 
and staff you need in CIM, telecom, 
biotech, med-tech, information 
processing, office automation, 
software and micro-electronics. 

And when it’s time to hit the 
cocoa, the Dutch—as well as 
foreigners living in Holland—er\joy 
a worldly, prosperous way of life. 



— ^l^etherlands — 
pbieimInvestiTfient 


;ency- 


NEW YORK (212) 246-1434 • SAN MATEO (415) 349-8848 • LOS ANGELES (213) 477-8288 • OTTAWA (613) 237-6030 


Please send me literature on the Netherlands: Europe's Gateway to 1992. 

Complete this coupon and mail it to: Mr. Irwin de Jong, Executive Director 
Netherlands Foreign Investment Agency, One Rockefeller Plaza, New York, NY 10020. 


n 


. Title 




I_ City_State_Zip- -| 

This material is published by Ogiivy PuWk Relations Group, which is registered os on ogent of the GowmmenI of the Nelherlonds. It is filed with the Department of Justice, 
where the required registration stotement is ovoiloble for public inspection. Registration does not indkote approval of the contents by the United States Government. 
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ADVERTISEMENT 


3M Announces 
Double-Coated 
Foil Shielding 
Tape 

Copper foil base with 
electrically-conductive 
adhesive on both sides for 
reliable point-to-point 
grounding. 

AUSTIN, Tex. — This new UL Recognized 
tape has a multitude of uses in electronic 
design, test, and QC laboratories where 
good grounding paths are required. Other 
applications include shielding of PC 
boards, microwave antennas and display 
boards; grounding and static charge 
draining. 

Scotch™ Brand 
Electrical Tape 
#1182 features a 
dynamic range 
over a frequency 
from 1 MHz to 1 
GHz. EMI/RFI 
shielding effec¬ 
tiveness was 
measured in the 
Near Field using 
a modified Mil 
Std 285 test 
procedure. 

In IC applica¬ 
tions the copper foil also provides an excel¬ 
lent heat conductive path to protect 
sensitive areas from excessive thermal 
exposure — Class 155° C continuous oper¬ 
ating temperature. 

It is supplied on a liner that permits 
easy handling and die-cutting without 
seriously wrinkling the foil backing. A 
complete line of standard dispensers is 
available to increase productivity and the 
application of Scotch Brand Foil Shielding 
Tapes. They are available with liner take-up 
attachments and deliver either random or 
definite lengths. Custom application equip¬ 
ment can be designed for automatic or semi 
automatic production. 

Scotch Brand Foil Shielding Tape #1182 
is one in a family of metal foil tapes. 

For more information contact a 3M Elec¬ 
trical Specialties Division representative or 
authorized distributor or call 1-800- 
233-3636. 



Copper Foil 
(adhesive 
both sides) 


Scotch Brand Foil 
Shielding Tape #1182 is 
supplied on a liner that 
permits easy handling 
and dispensing in either 
random or definite 
lengths without curling. 


3M Electrical Specialties Division 
PO Box 2963 
Austin, TX 78769-2963 
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son; Otto Ehrsam, Bethlehem Steel Co., 
701 E. Third St., Bethlehem, Pa. 18016; 
215-694-6585. 

Annual lEEE/ASME Joint Railroad 
Conference (IEEE et al.); May 21-23; 
Sheraton Westport Inn, St. Louis, Mo.; 
Robert B. Fisher, Land Transportation Di¬ 
vision, Southeastern Pennsylvania Trans¬ 
portation Authority, 5800 Bustleton Ave., 
Philadelphia, Pa. 19149; 215-580-4888. 

International Symposium on VLSI 
Technology, Systems, and Applica¬ 
tions (ED); May 22-24; Lai Lai Sheraton 
Hotel, Taipei, Taiwan; Alice Chiang, Lincoln 
Laboratory, MIT, 244 Wood St., Lexington, 
Mass. 02173-0073; 617-981-07U. 

Mediterranean Electrotechnical Con¬ 
ference (Regions); May22-24; Ljubljana; 
Baldomir Zajc, Fakuteta za Elektrotehniko, 
Trzaska 25, 61000 Ljubljana, Yugoslavia. 

International Workshop on VLSI Proc¬ 
ess and Device Modeling (ED); May 
26-27; Oiso Prince Hotel, Kanagawa, Japan; 
Hiroshi Iwai, Toshiba Corp., 1 Komukai, 
Toshiba-cho, Saiwai-ku, Kawasaki 210, 
Japan; (81-1-44) 549 2266. 

VLSI Technology Symposium (ED); 
May 28-30; Oiso Prince Hotel, Kanagawa, 
Japan; Dirk Bartelink, Hewlett-Packard Co., 
3500 Deer Creek Rd., Palo Alto, Calif. 
94304; 415-857-5364. 

35th International Symposium on 
Electron, Ion and Photon Beams (ED); 
May 28-31; Seattle Sheraton Hotel and Tow¬ 
ers, Wash.; J. Shaw, IBM Corp., T.J. Wat¬ 
son Research Center, Room 17-259, York- 
town Heights, N.Y. 10598; 914-945-2528. 

Conference on Computers, Power and 
Communications in a Rmal Environ- 
ment-Wescanex ’91 (Region 7 et al.); 
May 29-30; Delta Regina Hotel, Regina, 
Sask., Canada; Bill Kennedy, Saskatchewan 
Power Corp., 2025 Victoria Ave., Regina, 
Sask., Canada S4P OSl; 306-566-2106. 

45th Annual Symposium on Frequen¬ 
cy Control (UFFC); May 29-31; Marriott 
Los Angeles Airport, California; Raymond 
L. Filler, U.S. Amy Electronics and Tech¬ 
nical Devices Laboratory, SLCET-EQ, Fort 
Monmouth, N.J. 07703; 908-544-2467. 


JUNE 


Fourth International Conference on 
Industrial and Engineering Applica¬ 


tions of Artificial Intelligence and Ex¬ 
pert Systems (COMP et al.); June 2-5; 
Waiohai Hotel, Kauai, Hawaii; Moonis Ali, 
University of Tennessee Space Institute, 
MS15, B.H. (Joethert Parkway, Tullahoma, 
Tenn. 37388; 615-455-0631, ext. 236; fax, 
615-454-2354. 

Intensive Course on Electrical Con¬ 
tacts (lEEE/CHMT); June 3-7; Radisson 
Plaza Raleigh, Raleigh, N.C.; IEEE Holm 
Conference Registrar, 445 Hoes Lane, Box 
1331, Piscataway, N.J. 08855-1331; 908-562- 
3863; fax, 908-562-1571. 

Pulp and Paper Industry Conference 
(lA); June 3-7; Hotel des Gouvemeurs Le 
Grand, Montreal; Michel Riverin, Relcon 
Inc., 0403 Clement St., Montreal, Que., 
Canada H8R 4B4; 514-595-5999; fax, 
514-595-5680. 

International Conference on Con- 
siuner Electronics (IEEE et al.); June 5-7 
(Educational Session, June 4); Westin Hotel 
O’Hare, Rosemont, Ill.; Diane D. Williams, 
67 Raspberry Patch Dr., Rochester, N.Y. 
14612; 776-865-2938. 

Microwave and Millimeter-Wave 
Monolithic Circuits Symposium (ED); 
June 9-10; Hynes Convention Center, Bos¬ 
ton; Charles Huang, Anadigics Inc., 35 
Technology Dr., Warren, N.J. 07060; 
201-668-5000. 

VLSI Multilevel Interconnection Con¬ 
ference (VMIC) (ED); June 10-13; Santa 
Clara Marriott Hotel, California; Thomas 
Wade, Engineering Dean’s Office, Univer¬ 
sity of South Florida, 4202 Fowler Ave., 
Tampa, Fla. 33620; 813-974-3786. 

International Microwave Symposium- 
M'TT ’91 (MTT); June 11-13; Hynes Con¬ 
vention Center, Boston; Peter Staecker, 
MA-COM, M/S 704, 52 South Ave., 
Burlington, Mass. 01803; 617-272-3000, ext. 
1602. 

Ninth Biennial University/Govem- 
ment/Industry Microelectronics Sym¬ 
posium (ED); June 12-14; Florida Institute 
of Technology, Melbourne; Darlene Kirsch- 
ner, Florida Institute of Technology, 150 W. 
University Blvd., Melbourne, Fla. 32901; 
407-768-8000, ext. 8763. 

Second International Conference on 
Magnetic Recording Systems (MAG et 
al.); June 12-15; Hidden Valley Retreat, 
Pittsburgh; Gordon Hughes, Seagate Tech¬ 
nology, 900 Disc Dr., Scotts Valley, Calif. 
95066; 408-439-2626; fax, 408-438-4190. 

Device Research Conference (ED); 
June 16-19; University of Colorado, Boulder; 

(Continued on p. 86B) 
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How The Speed 
Of Light Can Help People 
Move A Lot Slower. 


We know how to make the world a much more relaxing 
place. And if you work here, you can help. 

At BNR, we’ve developed a new digital cellular technology 
that will enable any number of people to exchange voice, data, and 
video communications with each other anywhere in the world. 

Anywhere. 

Driven by incredibly sophisticated fiber-optic networks, 
this system completely changes the concept of a telephone number. 
It will no longer be attached to a physical location; it will belong 
to a person. 

Imagine a system so intelligent that it lets you call some¬ 
one no matter where they are—in a plane, in a restaurant, in a 
cab—and so powerful that you can conduct business right there, 
right then, with pictures and fax capabilities. 

People won’t have to race to an office, or a meeting. 

They could stop and work anywhere they want. Even by the side 
of a stream. 

If you’d hke to change the way the world does business, 
work here. And help the world change pace. 

BNR<| 

A NORTHERN TELECOM COMPANY 

Where the future is more than talk. 

BNR, the research and development subsidiary of Northern Telecom, has labs throughout the U.S., Canada and the U.K. 

Contact BNR at: P.O. Box 13478, Research Triangle Park, NC 27709: 1150 East Arapaho Road, Richardson, TX 75081: 5555 Spalding 
Drive, Norcross, GA 30092: PO. Box 3511 Station C, Ottawa, Canada K1Y 4H7. BNR is an equal opportunity employer. 







EEE United States Activities is 
proud of the major technological contribu¬ 
tions of electrical, electronics, and computer 
engineers to the performance of electronic 
systems dramatically demonstrated in 
Operation Desert Storm. 

In cooperation with the President, 
Congress, and the business 

community, the 250,000 U.S. 
members of IEEE will do 
their part to enhance U.S. 
competitiveness by achieving 
comparable successes in high 
technology commercial products 
and services. 


The Institute of Electrical and Electronics Engineers, Inc. 


IEEE United States Activities 

1828 L Street, NW 
Suite 1202 

Washington, DC 20036-5104 
202/785-0017 
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Speakout 


The politics 
of science 


I here is general agreement 
among economists that re¬ 
search and development are 
key to economic growth. 
Japan’s economic success, for 
example, is attributable to its better exploi¬ 
tation of technology (much of which origi¬ 
nated in the United States). In the past de¬ 
cade, the Reagan and Bush administrations 
have provided increasing levels of support 
for U.S. R&D. But the U.S. economy has 
stagnated. Why? 

First, President Reagan expanded defense 
R&D while leaving civilian R&D virtually 
flat. Second, driven by a “free-enterprise” 
ideology, the Republican administrations 
have refused to adopt any form of industrial 
R&D policy. Rather, they have accepted the 
premise that the Government should sup¬ 
port fundamental research and so-called 
“generic” technology, leaving commercial 
applications to the private sector, which has 
failed to respond. 

This second policy has led to massive 
Government investment in some large R&D 
projects associated with negligible economic 
benefits. Witness the Superconducting 
Super Collider. Its projected cost has tripled 
to some US $12 billion. 

Consider, too, the National Aeronautics 
and Space Administration’s space station 
Freedom. Until its recent downsizing, its 
cost of $30 billion was more than triple its 
original $8 billion estimate. The only pro¬ 
jected economic benefit would be that as¬ 
sociated with crystal growth in zero gravi¬ 
ty. Such programs will not reestablish the 
United States’ economic preeminence. 

The Republican administrations’ more 
traditional support of ‘ ‘little science’ ’ has not 
been much more productive economically. 
But here the scientific community itself 
bears at least partial responsibility. Scien¬ 
tists, as distinct from engineers, have force¬ 
fully advocated Government support of 
basic, as distinct from applied, research. 

Although basic research almost always 
eventually results in some economic bene¬ 
fit, the time lag between the research and 
the ultimate benefit is often an appreciable 
part of a century. In today’s economic cli¬ 
mate we literally cannot afford to wait that 
long. The Government must alter its R&D 
funding policy to emphasize applied rather 
than fundamental research. 


Before the United States became a debt¬ 
or nation, in what were then science’s ‘ ‘gold¬ 
en days, ’ ’ there was little need to prioritize 
R&D proposals; there was enough money 
for all. Today our budget deficit forces the 
United States to choose between alternative 
projects. 

NO PRIORITIES. Yet both the {government and 
the scientists have failed to assess priorities. 
The National Academy of Sciences was once 
invited to prioritize the nation’s R&D pro¬ 
grams. The result was a limp categorization, 
carefully designed not to antagonize any sec¬ 
tor of the scientific community. The simple 
fact is that the scientists have such vested 
interest in the Government’s R&D programs 
that they carmot objectively discriminate 
among competing alternatives. 

R&D priority decisions ultimately must be 
left to Congress. Prioritization implies poli¬ 
cy, and policy is the responsibility of Con¬ 
gress. But, with few exceptions, members 
of Congress and their staffs are not techni¬ 
cally trained: a way is needed to facilitate 
Congressional R&D prioritization. 

Although the concept of a ‘ ‘science court’ ’ 
has never been popular, something like it 
might benefit Congress. Prioritization is 
necessarily an adversarial process. Con¬ 
gressmen, as lawyers, are familiar with such 
proceedings. A Congressional hearing 
resembling a science court may offer the 
needed prioritization mechanism. 

For two years the Carnegie Commission 
on Science, Technology, and Government 
has been studying the organization of science 
and technology in govermnent. Its conclu¬ 
sions are due in another year or so. But the 
experience of the Commission’s eminent 
members renders its recommendations 
almost a foregone conclusion; the nation 
should return to the glory days of the Presi¬ 
dent’s Science Advisory Council (PSAC) and 
an influential President’s Science Advisor. 
CLASSIC PATTERN. But though that golden 
age is past, the Bush administration has in 
effect organized R&D in the classic pattern. 
An eminent academician was named science 
advisor and promoted in rank to assistant to 
the President for science and technology, 
and the PSAC has become the PCAST 
(President’s Council of Advisors on Science 
and Technology). 

Just as centralized industrial planning is 
anathema to this Administration, so, too, is 
centralized technical organization to the 
academicians. There are four reasons for 
their aversion. 

First, the scientists prefer multiple fund¬ 
ing agencies because of the many opportu¬ 
nities they offer for proposal support. 

Second, the scientists are accustomed to 



AFDPLUS 

ACTIVE FILTER DESIGN 


Advanced Program for The PC 



P.O Box 3630 ■ Boulder, CO 80307-3630 
Phone 303-499-7566 ■ Fax 303-499-0877 
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If you have evidence of intelli- 

I gence test scores which put you in I 
the top 2% of the population—for " 

■ example, 1250 or better on the SAT— ■ 
then you already qualify to join | 

Mensa. We also accept the GRE 
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ford Binet (132) and other tests. Send I 
today for details. _ 
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For turning data into information, two books by 
Edward Tufte on the state of the art for graphical displays 


ENVISIONING INFORMATION 


“A remarkable range of examples 
for visual thinking. A real treat 
for all who reason and learn by 
means of images.” Rudolph arnheim 

“A savvy guide for the professional. 
Beautifully illustrated, well-argued.” 
SCIENTIFIC AMERICAN 




y 





“A wonderful book.” computer graphics and applications 


Over 400 illustrations with exquisite 6- to 12-color printing throughout. Finest examples 
in technical, creative, and scientific presentations; diagrams, legal exhibits, computer 
graphics, charts, maps, illustrations, use of color. Presenting complex material clearly. 
$48 per copy postpaid. 


THE VISUAL DISPLAY OF 
QUANTITATIVE INFORMATION 



This map portrays the losses suffered by Napoleon's army in the Russian campaign of 1812. Beginning at the left on 
the Polish-Russian border near the Niemen, the thick band shows the size of the army (422,000 men) as it invaded 
Russia. The width of the band indicates the size of the army at each position. In September, the army reached 
Moscow with 100,000 men. The path of Napoleon's retreat from Moscow in the bitterly cold winter is depicted by 
the dark lower band, which is tied to a temperature/time scale. The remains of the Grande Armie struggled out of 
Russia with only 10,000 men. Six dimensions of data are displayed on the two-dimensional surface of the paper. 
(Twchcolor poster, $12 postpaid.) 

‘The century's best book on statistical graphics” computing reviews 

“A truly splendid volume... so much care in its writing, illustration, typography, 
and production. It is among the best books you will ever see.” datamation 

250 illustrations of the best (and a few of the worst) statistical charts, graphics, tables, 
with a detailed analysis of how to display quantitative data for precise, quick, effective 
analysis. Highest quality book design and production. $36 per copy postpaid. 


Moneyback guarantee. Order directly from publisher, enclosing check: 
Graphics Press Box 430-G Cheshire, Connecticut 06410 
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independence and resent centralized 
authority. A Federal department of science 
and technology is seen as a threat to aca¬ 
demic freedom. 

Third, the scientists are justly suspicious 
of the influence of a single scientist upon a 
technically untrained politician, be he Presi¬ 
dent, Senator, or Congressman. 

Fourth, it is argued that science and tech¬ 
nology are concerns of almost all Govern¬ 
ment departments. Consequently, central 
R&D direction would infringe upon each 
department’s jurisdiction and operation. But 
the Office of the Attorney General proves 
the fallacy of that argument; all Government 
agencies are concerned with the law, but the 
office provides support to all while also ad¬ 
ministering its own legal program. 

It would be both easy and efficient to com¬ 
bine into one Department of Science and 
Technology: NASA, the National Science 
Foundation, the National Institutes of 
Health, the National Institute of Standards 
and Technology (the former Bureau of Stan¬ 
dards), and the National Oceanic and At¬ 
mospheric Administration, together with the 
Department of Energy’s Office of Energy 
Research and national laboratories (such as 
Argotme, Brookhaven, Fermi, and Oak 
Ridge). The resulting department would 
have a budget on the order of $25 billion and 
commensurate political clout. 

Effective allocation of the nation’s vast 
R&D resources demands centralized 
authority. If the United States is to exploit 
its R&D potential to the fullest, and if 
science and technology are ever to attain the 
political influence commensurate with their 
economic importance, organization of such 
a department is a sine qua non. 

NEW ROLES. The time is also ripe for more 
U.S. engineers and scientists to present 
themselves for possible election to public of¬ 
fice. The late Lord Snow achieved a certain 
celebrity with his identification of two often 
uncommunicating cultures: those of the 
humanities-trained lawyer and the technical¬ 
ly trained engineer or scientist. The gulf be¬ 
tween these two cultures has continued 
from Snow’s day to the present; it is an ob¬ 
stacle to economic growth. If policy is to ex¬ 
ploit technology, that gulf must be bridged. 

What is needed are true political- 
scientists: engineers and scientists who are 
also politicians. John F. Kermedy once 
described his science advisor, Jerome Wies- 
ner, as the only real political scientist in the 
White House. There have been others, nota¬ 
bly James H. Killian and Varmevar Bush, 
who was the archetype. The United States 
needs more such scientists and engineers. 

George C. Sponsler 

George C. Sponsler is chairman of the lEEE-USA 
Aerospace R&D Policy Committee. 
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Search me. 


Ei EEDisc™ brings new 
cost efficiency to eiectricai 
and computer engineering. 

The first electrical engineering 
database on CDROM gives you 
this 4-point formula; 

1. Impeccable Credentials 
The database is derived from 
Compendex*Plus™, and The 
Engineering Index*^, both from 
Engineering Information Inc., 

a respected publisher of engin¬ 
eering records since 1884. 

2. Reach and Depth 
Broadly focussed, Ei EEDisc 
covers all lEE and IEEE litera¬ 
ture and extends well beyond. 

A subscription brings over a 
million abstracts of world 
conference proceedings and 
journals, with quarterly updates. 
Monthly updates are available 
through Compendex*Plus online 
with any of 8 vendors. 

3. Budgetary Control 

With CDROM you know your 
cost, up front, and you can 
encourage serendipitous search¬ 
ing without accruing usage 
charges. Novice searchers can 
access the data using the Dialog 
OnDisc™ Easy Menu mode. 

4. Unmatched efficiency 
Dialog searchers can send their 
Ei EEDisc search strategies 
directly online, since telecom¬ 
munication access is imbedded 
in the CD software. 

Why not search me free? 

For a 30-day trial fax Ruth Miller 
at Ei: 212-832-1857. 



Engineering Information Inc. 
Capture the possibilities. 
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Innovations 


Building a better 
incandescent light bulb 

A lamp that recycles its own previously 
wasted infrared energy has realized the old 
dream of a highly efficient incandescent bulb. 
Chemist John Ackerman and chemical en¬ 
gineer Himanshu Vakil developed it at the 
General Electric Research and Development 
Center in Schenectady, N.Y. 

Incandescent bulbs, while popular for 
their pleasant light, are grossly inefficient: 
they radiate 75-80 percent of their electric 
energy input as heat. While heating a tung¬ 
sten filament to a temperature higher than 
the average 2700 °C standard in current 
bulbs would cause it to radiate more of its 
energy at shorter, visible wavelengths, that 
also significantly shortens the lamp’s life. 

In theory, the filament could be kept at its 
operating temperature by being encased in 
a “thermal blanket” that reflected its own 
infinred radiation, thus reducing the amount 
of line current required to keep it hot. In¬ 


deed, people have known for decades how 
to devise coatings that can reflect infrared 
wavelengths while transmitting visible 
wavelengths. These coatings, called dielec¬ 
tric interference filters, are made by deposit¬ 
ing alternate layers of materials with a high 
and a low index of refraction. 

But no manufacturable version of the pro¬ 
cess has existed to date, said Vakil. Each 
layer some 100 nanometers thick must be 
uniform to an accuracy of 0.2 nm over the 
light bulb’s curved surface. Moreover, the 
technique has to be repeatable so the bulbs’ 
color, brightness, and efficiency are constant. 

To meet those challenges, the GE scien¬ 
tists devised a variation of standard chemical 
vapor deposition techniques. The coating 
consists of alternating layers of metal oxides 
of high and low refractive indices, which Vakil 
would not identify since they are proprietary. 

In addition, Ackerman and Vakil reshaped 
the bulb to focus the infrared radiation back 
onto the filament. And the filament itself had 
to be redesigned to draw lower line current. 

The first commercial lamp came on the 


market last year: a new family of incandes¬ 
cent lamps known as Halogen IR PAR 38 
(parabolic aluminum reflector) lamps, avail¬ 
able in spot and flood versions for industrial 
and office use. The new 60-watt Halogen IR 
lamp can provide the same amount of useful 
light as a conventional 150-W parabolic alu¬ 
minum reflector incandescent floodlamp 
while consuming 60 percent less energy. 


It’S all done with mirrors 

High-resolution optical scarmers are in¬ 
dispensable in laser printers, video data 
recording systems, and other technologies. 
The heart of most of these scanners is a rotat¬ 
ing polygonal mirror, which repeatedly 
deflects a laser beam through an angle. Im¬ 
aging optics focus the beam to a small spot 
of light to scan a line on a rotating drum or 
other medium. The optics also compensate 
for cross-scan error: displacement of the scan 
line caused by inevitable manufacturing er¬ 
rors in making each facet parallel to the 
polygon’s axis of rotation. 
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Resolution can be increased by either 
speeding the rotation of the polygon or add¬ 
ing more reflective facets. But increasing the 
speed can introduce dynamic instability, dis¬ 
tortion of the facets, siren noise, and exces¬ 
sive wear. And increasing the number of 
facets diminishes their size, which can impair 
resolution, scan field angle 
(maximum angle over 
which the beam can scan), 
and duty cycle. Making the 
polygon larger to accom¬ 
modate more facets of the 
optimal size may not be an 
option if the overall product 
is to be compact. 

At least one inventor has 
suggested placing close to 
the polygon a small flat mir¬ 
ror to reflect the light beam 
back to the same facet for 
extra deflections [see fig¬ 
ure]. With each additional 
deflection, the scan field 
angle increases by the 
same amount as that for a 
single deflection, allowing the use of a poly¬ 
gon with many more facets than in conven¬ 
tional scanners. 

However, until recently there has been 
one intractable problem: the cross-scan 


error also increases in direct proportion to 
the number of deflections. Now, Mahmoud 
Razzaghi, an independent researcher in 
Lemon Grove, Calif., has developed a self¬ 
correction technique for minimizing cross¬ 
scan errors, making high-resolution optical 
scanners based on multiple deflection prac¬ 



to converge into one flat beam perpendicular 
to the polygon’s axis of rotation “so that it 
becomes like a horizontal knife edge, ’ ’ Raz¬ 
zaghi explained. This converging knife-edge 
beam is directed at the polygon from below 
the flat mirror. The beam bounces several 
times between a facet and the mirror, and 
it starts to diverge again. 

If the facet is tilted away 
from parallelism with the 
flat mirror, the angle at 
which the beam strikes and 
is reflected from the mirrors 
widens or narrows—shift¬ 
ing the beam up or down 
the facet, thus displacing 
the resultant image and cre¬ 
ating cross-scan error. But 
in Razzaghi’s system, the 
beam rotates in a direction 
opposite to its vertical shift 
up or down the facet, com¬ 
pensating for that shift. 

According to Razzaghi, 
his invention can allow op¬ 
tical scanners to have a 


tical for the first time. He received U.S. pat¬ 
ent 4 960 312 on Oct. 2, 1990. 

In Razzaghi’s system, the scanner’s laser 
beam is first collimated, and then sent 
through a cylindrical lens, which causes it 


resolution as high as 30 000 dots per line and 
data rates as high as 90 megabits per second. 
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• Real time compression of 16-bit PCM to 4-bit 
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• Low coding delay (<4ms) 
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We Were Already ASiiable Force In Technology Back 
When Technology Itself Wasn’t Exactly Small. 


It was so early in the evolution of electronic 
computation that the word “computer’ in 
its modem sense, had yet to enter the lan¬ 
guage. Still, in 1^6, the big news at the 
Georgia Institute of "fechnology was very 
big indeed: the arrival of one of the 
nation’s first AC network calculators. 

In the decades that followed, while the 
gigantic new computing machines were 
slinking to the size of aedit cards, technol¬ 
ogy itself was growing rapidly in Georgia. 
Today engineering R&D expenditures at 
the public-university level are the highest in 
the country, and the state is the Southeast’s 
second fastest-growing center of technologi¬ 


cal employment. 

Meanwhile, Georgia’s traditional 
university-industry partnership continues to 
flourish. In programs designed to provide 
fledgling high-technology companies with 
cmdal start-up services and incubator facili¬ 
ties. In cooperative projects set up to address 
the qrecific needs of the private sector and 
to expedite the transfer of basic research into 
the marketplace. 

Not surprisingly, along the way, Georgia 
has developed some of the nation’s most 
sophisticate transportation and communi¬ 
cations systems. More surprisingly, how¬ 
ever, labor costs have remained moderate. 


and corporate income taxes haven’t been 
raised since 1969. 

So write on your letterhead or send your 
business card to Charlie Gatlin, Georgia 
Department of Industry, Trade & Tourism, 
Dept. lEE, P.O. Box 1776, Atlanta, GA 
30301. a call us at ^4-656-9306. And 
find out how Georgia’s strong technological 
base can help you manage some important 
numbers of your own: 

The ones on your bottom line. 

GEORGIA 

The State of Business Today 
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A chicken-and-egg problem 


ngineers often work at the 
cutting edge of development 
but are slow to use their own 
developments. That may not 
be simply a case of the shoe¬ 
maker’s shoeless children. 

A historic example would be television, 
where pioneers labored to improve resolu¬ 
tion, sharpness, linearity, and the like. But 
they probably watched more test patterns 
than their neighbors did wrestling. 

Undoubtedly their casual interest in tele¬ 
vision fare stemmed in part from the limit¬ 
ed programming. In his 1979 biography, 
David Samoff remembered that CBS Tele¬ 
vision in 1946 “consisted of one station 
broadcasting six to ten hours a week.” 

Ultimately the gap in television program¬ 
ming was closed, and today, between net¬ 
works and cable, at least in the United 
States, the viewer can choose from a range 
of excellent to atrocious programs. 

Today we face a similar situation in the 
use of computers for the publication 
and retrieval of specialized informa¬ 
tion, of the kind that is now published 
by the IEEE and other professional 
societies in hard-copy format. 

When the editors of IEEE Spec¬ 
trum recently convened groups of 
readers to discuss how they obtain 
the necessary information to do their 
jobs, the aforementioned topic came 
in for much attention. 

By and large, the participants in the 
groups were employed by industry or 
governmental agencies. Some, work¬ 
ing on the design of computer hard¬ 
ware/software themselves, viewed 
the electronic storage and retrieval of 
technical information as an important 
new market for their own organiza¬ 
tions to cultivate. 

Yet, while almost all had personal¬ 
ly tried to use existing information 
search and retrieval systems, and 
many had high hopes for their future 
success, most were disappointed in 
their current experiences. 

Criticisms centered on the time 
required to search and on the failure 
of the searches to yield wanted in¬ 
formation. Many saw the problem as 

So they can find what they want when 
they want it, many engineers hoard too 
much information. 


a superabundance of literature but deficient 
programming that cannot converge on the 
few sources they needed for a particular 
project. One senior engineer remarked that 
“at this point in time you can’t get a rea¬ 
sonable number of hits. Focusing in on the 
right articles is hard. ’ ’ A number of the par¬ 
ticipants found the systems not user friendly. 
One computer designer said he would not 
spend the hours required to learn to use a 
particular system. Others confirmed this, 
saying they go to their company librarian for 
help. “On three or four occasions,” one 
said, ‘ ‘I have tried diligently to use computer 
retrieval, indices, and keyword searches, 
sitting with our librarian and saying, ‘Let’s 
use this or that key word,’ and it does 
not turn out well.” Another said his ex¬ 
perience with CD ROM was that ‘ ‘you can 
miss articles that are of great interest- 
seminal articles and somehow they don’t 
come up.” 

Some expressed impatience with the 
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search procedure, finding it tedious to sit be¬ 
fore a screen. A mathematician said it’s not 
fun to read a screen, she “would rather sit 
comfortably with a cup of coffee and read 
hard copy. ’ ’ Another, ‘ ‘you can’t make notes 
in the margin of a video screen.” 

Many of the papers that an engineer seeks 
when starting out on a new project are at the 
cutting edge. Some have been presented at 
conferences but are not yet published. 
Therefore, said the participants, these 
papers have not found their way into any 
electronic database or retrieval system. 
Transactions and journal articles, they said, 
with the lengthy review and publication cy¬ 
cles, are late enough; adding to that delay 
the time needed to index them and get them 
into a retrieval system, they said, ensures 
a certain obsolescence 
On the other hand, researchers tend to 
work in a less time-sensitive environment 
than do design or development engineers, 
and they are more likely than someone up 
= against a design deadline to put time 
I into using a computer-based system 
I to search the literature. 

Unlike television or other con¬ 
sumer products, however, the solu¬ 
tion does not lie in programming for 
the masses, where investments can 
be amortized over a huge user base. 
The engineer (or the architect, or the 
physician) wants to pinpoint a some¬ 
times elusive answer that is embed¬ 
ded in a burgeoning volume of arcane 
information—papers, conference 
records, reports, and the like. 

One of the responses to the 
current situation is that engineers 
tend to save what they think they may 
need to retrieve in the future. One 
told Spectrum that the engineer in 
the office below him, as she glances 
up warily at her ceiling, is concerned 
that his cache of journals and other 
reports is exceeding the building 
code’s floor-loading limits. 

The “scan and save” process is 
deemed an unnecessary burden by 
many engineers. Hard copy will 
always have its place, they say, but 
they’d like to be able to use the 
fruits of their own technologies 
to ease the search and retrieval 
process. 

Donald Christiansen 
























SPECIAL REPORT/MEMBER SURVEY 


WHirS AHEAD 
IN HKECH? 

Responses to Gallup suivey by US. engineers 



Most sampled US. engineers 
think the United States 
will hold the lead through 
2000, but industry 
observers found some of 
their views overoptimistic 

espite talk of declining U.S. in¬ 
dustrial competitiveness in 
both America’s Congress and 
industry, U.S. engineers be¬ 
lieve the United States holds 
a technological edge over 
Japan in many areas. The majority also be¬ 
lieve that the U.S. lead will continue into the 
next century, and that the Japanese should 
not be credited with being technological in¬ 
novators since they have been using basic 
technology developed in other countries. 

These were among many opinions ex¬ 
pressed by a sampling of IEEE members 
selected at random from the circulation list 
of IEEE Spectrum in a telephone survey 
conducted last fall. The survey was spon¬ 
sored by Nihon Keizai Shimbun, a Japanese 
counterpart of the Wall Street Journal that 
is regarded as the largest-circulation busi¬ 
ness daily in the world. 

The interviews were conducted by the 
Gallup Organization Inc., of Princeton, N.J., 
which asked 150 IEEE members—50 each 
from government, industrial, and academic 
facilities—to respond to more than two 
dozen questions, some of which were sug¬ 
gested by the IEEE. Though the sample was 
small, Gallup chose the respondents ran¬ 
domly from each category, seeking to obtain 

Alfred Rosenblatt Technical Editor 
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1. Who’s ahead in technology? 



2. What is the likelihood of the United States 
holding the technological edge in the 21st century? 


Very Itkety 


Somewhat likely 
Not too likely 
Not at all likely 



13.3% 


]18.7« 


Note: Percentages of respondents wh 


3. Areas in which the United States is likely to he a global 
leader in the 21st century 


Artificial intelligence 74.0S4 I 
I industrial materials 70.7!4 


56.0K I 

Personal computers 56.0K I 


:e; Percentages of respondents who answered "don't know" an 


a valid sampling that would tend to indicate 
opinions of the IEEE’s U.S. membership 
in general. 

The majority of the sample—almost 77 
percent—said Aey were involved with elec¬ 
tronics, electrical engineering, or computer 
software. Three times as many—18 per¬ 
cent—were engaged in software develop¬ 
ment as were engaged in computer hardware 
design (6 percent). Others identified their 
work as being in sbc other technical areas: 
energy (7.3 percent), biotechnology (3.3 per¬ 
cent), data processing (3.3 percent), new in¬ 
dustrial materials (2 percent), medical or 
pharmaceutical research (1.3 percent), and 
superconductivity and environmental tech¬ 
nology (0.7 percent each). 

When asked to assess which country was 
furthest advanced in his or her own area of 
technology, almost two-thirds (65.3 percent) 
said the United States was dominant. About 
one-fifth—19.3 percent—believed the Japa¬ 
nese were. A tenth called it a dead heat. 

That most consider the United States the 
leader is not necessarily at odds with the 
perception of a decline in U.S. competitive¬ 
ness. A technological lead is not invariably 
the best indicator of marketplace success [see 
“Responding to the respondents,” p. 26]. 


Japanese see 
parochialism 
in views 
of U.S. 
engineers 


To develop the assessment in further de¬ 
tail, engineers were asked about 12 of the 
world’s ‘ ‘hot’ ’ technical areas, ranging from 
consumer electronics to biotechnology to 
fifth-generation computers. It was scarcely 
a surprise that almost all—97.3 percent- 
believed the Japanese were ahead in con¬ 
sumer electronics [Fig. 1]. If there was a 
surprise, it was that 2.7 percent believed the 
United States has the lead. 

Japan was also rated as the leader in semi¬ 
conductor memory (71.3 percent). A minori¬ 
ty said the United States was the leader (17.3 
percent), while a handful called it another 
dead heat (7.3 percent). The rest said they 
did not know. 

In addition, the Japanese just nosed out 
the Americans in fifth-generation computers 
(37.3 percent to 34 percent). This category 
also totaled the largest percentage of ‘ ‘don’t 
knows” in the survey (21.3 percent). 

But in all other categories, the United 
States won in a walk. The percentages 
ranged from almost all (98 percent), who be- 


Rosenblatt—Who’s ahead in hi-tech.’ 
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lieved the United States was dominant in 
space and aviation, down to a still hefty mar¬ 
gin (62.7 percent) who put the United States 
ahead in semiconductor microprocessors. 

Queried on the likelihood of the United 
States’ holding the lead in these areas in the 
21st century, again, a hefty portion (78.6 per¬ 
cent) felt that the United States would hold 
its technological edge (as well as, according 
to the question, ‘ ‘maintain its current level 
of economic power and international com¬ 
petitiveness’ ’) [Fig. 2]. Most (65.3 percent) 
said it was somewhat likely, while a minori- 


Advice for U.S. 
companies: forget 
the not-invented- 
here syndrome 
and take 
keener interest 
in Japanese 
techology 


ty (13.3 percent) viewed it as very likely. An¬ 
other minority (18.7 percent) characterized 
the prospect as not too likely. 

In general, though, respondents thought 
the U.S. lead in most areas would slip by the 
next century [Fig. 3]. In only two areas— 
biotechnology (chosen by 88 percent) and 
fifth-generation computers (46 percent)— 
did more respondents believe Ae United 
States would increase its lead. 

DIFFERENT VIEW. The U.S. Department of 
Commerce, however, has a decidedly differ¬ 
ent view of the country’s technological sta¬ 
tus. The department has warned that the 
United States is in danger of being surpassed 
by the Japanese in 11 major “emerging” 
areas of technology—areas it judges will be 
important economically by the end of this 
decade [see “The expanding world of 
R&D,” Spectrum, October 1990, p. 28]. 

The Department of Commerce likens 
these new areas to the then fledgling 
microprocessors and semiconductor mem¬ 
ory advances of the 1970s. Just as those 
technologies grew to billion-doUar industries 
in the 1980s, the department expects that 
a new group of now embryonic technologies 
will be mature enough to drive the world’s 
high-tech economies by the turn of the cen¬ 
tury and beyond. 

By 2000, then, if U.S. firms are success¬ 
ful in bringing these technologies to market 
at the best price, performance, and quality, 
it will “stimulate more and better quality 


4. Where should the United States place its technological 
priorities? 



Percent 


5. By 2010, what are the chances for technological 
advances in...? 



Less than 50K chance Roughly SOS chance Greater than SOS chance 


Note: Percentages ol respondents who answered “don't know" are not shown. 
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6. Is the transfer of military technologies to industrial 
and consumer uses likely to revitalize U.S. industry? 



Not at allllkely ||| 4.aK 


7. Factors promoting U.S. dominance in science and 
technology in the 21st century 


SSSS'5“"' 



SSsSSsr 

rrsiresrs 


69.3% 



8. Future roles for Japan 


89.354 




jobs, increase exports, reduce imports, and 
contribute directly to material wealth, ’ ’ ac¬ 
cording to a study by the Department of 
Commerce on the competitive status of the 
U.S. electronics industry. 

Though the department rated the United 
States even with Japan or in the lead at the 
R&D level in those 11 areas, it put the Japa¬ 
nese ahead in most areas when it came to 
efforts to develop products. 

Areas in which the department awarded 
the lead to the Japanese were product de¬ 
velopment involving advanced materials, ad¬ 
vanced semiconductor devices, digital im¬ 
aging, superconductivity, high-density data 
storage, and optoelectronics. It rated the 
United States and Japan even in flexible in¬ 
tegrated manufacturing and sensor technol¬ 
ogy, and although it also rated both countries 
in a tie on superconductors, it said Japan is 
gaining. 

The United States, according to the 
department, was ahead in three areas: ar¬ 
tificial intelligence (where it was holding its 
own) and in high-performance computing 
systems and medical devices and diagnos¬ 
tics (where Japan was gaining). 

CHOOSING PRIORITIES. Asked to choose 
where the United States should place its pri¬ 
orities and efforts, the respondents seemed 
to throw financial considerations to the wind. 
Fully half of the 18 technical areas listed 
received the vote of two-thirds or more of 
the respondents [Fig. 4]. Almost everyone’s 
favorite (91.3 percent) was the ‘ ‘full and ef¬ 
fective usage of natural energy resources. ’ ’ 
However, the category was not precise 
enough to draw the distinction between the 


A minority sees 
transfer to 
civilian use of 
technology 
developed for 
the military as 
very likely to 
revitalize 
U.S. industry 


use of polluting fossil fuels like coal and 
petroleum and such cleaner, renewable 
energy sources as alcohol, solar energy, 
■ id, and water. 

Jext in popularity was optical integrated 
:uitry (83.3 percent), while medical con¬ 
ns were also high. Interest in the last 
ved the old journalistic adage that every¬ 
one is interested in a good medical story. 





































This was the case here even though less 
than a handful of respondents (4.6 percent) 
were involved in allied areas like biotechnol¬ 
ogy or medical and pharmaceutical research. 
Anticancer medicines (82 percent) topped 
the list, closely followed by medicines for 
Alzheimer’s disease (80 percent). Alzheim¬ 
er's medicines just nosed out efforts for de¬ 
veloping gigabit dynamic RAMs (79.3 
percent). 

Other areas scoring high percentages 
were high-speed surface transportation (78.7 
percent), intelligent robots (^.7 percent), 
artificial intelligence (72 percent), and 
micromachining (69.3 percent). At the low 
end of the scale were a moon base (32.7 per¬ 
cent), biochips (41.3 percent), and manned 
space stations (49.3 percent). 

The majority of respondents also put their 
faith in the ability of engineers to come up 
with useful solutions to some of today’s 
tricky technological problems [Fig. 5], ac¬ 
cording to responses to several questions 
supplied by the IEEE for the survey. Fairly 
wide majorities believed that chances were 


‘ ‘greater than 50 percent’ ’ that by the year 
2010 a computer could provide virtually 
simultaneous translation of human speech 
from one language to another (58.0 percent), 
and that compatible high-definition television 
would be in operation worldwide (70.7 
percent). 

A significant majority, however, believed 
there was less than a 50:50 chance that 
large-scale power generation by controlled 
hydrogen fusion would be possible by then 
(M.7 percent). And the respondents were 
fairly evenly divided about the possibility of 
superconductivity being applied to transpor¬ 
tation and power generation by that year. 
The largest number (37.3 percent) believed 
there was less than a 50 percent chance of 
this happening, while a slightly smaller num¬ 
ber (32.7 percent) believed that likelihood 
was greater than 50 percent. 

In response to another IEEE-posed ques¬ 
tion, almost all respondents (94 percent) 
agreed that engineers should take a more as¬ 
sertive role in helping the public understand 
the pros and cons of the introduction of tech¬ 


nology. They “mostly” agreed with the 
statement that engineers should help 
government decision-makers and the gener¬ 
al public “understand the costs, benefits, 
and risks associated with the application of 
various technologies.” 

Regarding environmental concerns, al¬ 
most all respondents (95.3 percent) agreed, 
in answer to another question from the 
IEEE, that over the next 20 years “en¬ 
gineering and technology will have a most¬ 
ly positive effect on the global environ¬ 
ment.” Here they apparently had in mind 
technology’s being applied to make manufac¬ 
turing and other processes more efficient 
and less wasteful, as well as its use in cor¬ 
recting problems of pollution. [For a discus¬ 
sion of several ways engineers might affect 
the political process in the United States, see 
“The politics of science,” p. 15.] 

Respondents also considered several fac¬ 
tors that might be ‘ ‘likely’ ’ to prevent future 
technological advances by the United States. 
Heading the list was less spending for R&D 
by the US. government and private compa- 


Respondlng to the respondents 

Asked to comment on the survey results, indus¬ 
try observers offered some perspective as w/ell as 


money from Japan," he wrote. "In other words, 
th^ think Japan is rich and does not have the 
opinions that differed from those of the engineers technologies [the respondents] are interested in.” 


responding. Jack Doyle, vice chairman of the IEEE 
United States Activities Committee on U.S. Com- 


This concept of Japan’s technical accomplish 
ments, or, rather, the country's lack thereof, “in 


petitiveness, disagreed with the 78.6 percent of dicates the degree of parochialism in the United 


respondents who believed it “very 
“somewhat likely” that the United States “will hold 
the technological edge in the 21st century and 
maintain its current level of economic power and 
international competitiveness." 

“It could very well hold the technological edge 
and not maintain its economic power and 
competitiveness," he said. “The question 
assumes they all go together and this is not 


States," )bkushiji continued. He found such think 
ing also reflected in what he called respondents 
“Japan bashing,” as well as in their negative atti 
tude toward Japan. He felt that attitude was ap¬ 
parent when respondents said that Japan wants 
an “easy ride” and that Japanese companies only 


PAROCHIALISM A CONCERN. Taizo 
'(bkushiji, a professor at the Institute for Poli¬ 
cy Science of Saitama University in Urawa, 

Japan, just north of Tokyo, warned that a 
“parochialism” in the United States couid 
contribute to “an even steeper decline" in 
U.S. technological prowess than has already 
been experienced. After analyzing the sur¬ 
vey results, Ifekushiji expressed his opinions 
of them in an article that Nihon Keizai Shim- 
bun published aiong with its presentation | 
of the survey. 

A country’s prosperity depends on its advanced want to obtain advanced technologies and don’t 
technology, l^kushiji pointed out, and a country want anyone to learn about what they have de- 
that neither learns from other countries nor wants 



to update its technologies “will be headed for a 
downfall.” In his view, US. parochialism could lead 


Yakushiji also viewed with alarm the possibility 
that the industrialized countries might establish 


to the country’s becoming “weaker than people a “containment policy” to guard against the dis- 

[responding to the survey] now believe it will.” semination of information about their advanced 

He vras also critical of respondents who felt that technologies. (A large minority of respondents 

the most important role that Japan can pl£^ is to [36.7 percent] thought it “very” or “somewhat” 

participate in and support joint international re- likely that an embargo would be placed on “hot” 

search efforts at the frontier of technology. “I think technologies.) 

this means that American researchers simply want He also cautioned that relations might worsen 


if Japan and the United States performed joint re¬ 
search but only one country then brought the re¬ 
search to “a successful [meaning commercial] 
conclusion.” )bkushiji likened the hostile relation¬ 
ship that might develop between the two coun¬ 
tries to that between the United States and the So¬ 
viet Union during the Cold War. 

Just as those two antagonists promoted detente 
in order to survive, so would the United States and 
Japan. The two “will have to seek a way to im¬ 
prove the hostile relationship; otherwise, both 
countries will be on the way to a downfall,” he 
concluded. 

Michiyuki Uenohara, executive advisor of 
NEC Corp., Tokyo, found the responses 
reflected a general US. point of view about 
Japanese capabilities. “If the poll were direct¬ 
ed to specialists who have [a] good knowl¬ 
edge of current Japanese I^D..., the re¬ 
sponse could have been considerably 
different," Uenohara said. 

He said he was “very much surprised” 
that 62 percent of respondents believed that 
Japan is having an “easy ride” on basic tech¬ 
nology developments from other countries. 
“Don’t they know that Japanese contribute 
so many papers to IEEE transactions and 
international conferences?” he asked. “Do 
they still think that basic technology is created only 
by Nobel Prize winners?” 

NO MORE NIH. US. companies should take a 
keener interest in Japanese technology, and should 
give up the not-invented-here syndrome, Uenohara 
continued. He added that a great deal of techni¬ 
cal information available from Japan is printed in 
English. 

Bruno W. Weinschel, former IEEE President and 
president of Weinschel Research Foundation, 
Gaithersburg, Md., pointed out that basic work in 
Japan is done not in universities, as it is in the 
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nies (each with about 89 percent). A decline 
in educational level was another considera¬ 
tion, as was a shortage in the number of 
scientists, researchers, and engineers (each 
with about 79 percent). 

Also cited was a decline in the U.S. gross 
national product (74.0 percent), and almost 
two-thirds were concerned that economic or 
trade conflicts, as well as an increase in pro¬ 
tectionism, might prove ‘ ‘likely’ ’ to bar such 
advances. Somewhat fewer (62 percent) 
thought that negative public attitudes might 
come into play. Going down the scale, less 
influential factors were wars or conflicts be¬ 
tween countries (48 percent), running out 
of natural resources (44.7 percent), and nat¬ 
ural disasters (30.7 percent). 

MILITARY CUTS. If the military budget were 
to decrease by 10 percent over the next five 
years, exactly half the respondents felt that 
technical development in the United States 
would decrease by only a “modest” 
amount. However, the Bush administration 
has called for a 25 percent decrease in mili¬ 
tary funding. This large a decrease might 


United States, but in corporate laboratories which 
do not necessarily publish the results. “In the Unit¬ 
ed States, academia must publish or perish,” he 
said. “We are not getting important information 
from Japan because of its source control, partic¬ 
ularly in practical subjects like manufacturing pro¬ 
cesses, tool design, and materials." 

Weinschel also felt it was wrong to assume, as 
respondents did, that the United States was ahead 
in bioengineering. “Japan has excellent fermen¬ 
tation industries, one of the infrastructures need¬ 
ed for the quick application of bioengineering,” 
he said and urged greater US. efforts in this area. 
POISED FOR SUCCESS. But another respondent 
put the case ei/en more strongly. “Japan is poised 
to be strong in biotechnology,” said Mark Dib- 
ner, director of the Biotechnology Information Di¬ 
vision at the North Carolina Biotechnology Cen¬ 
ter, Research Triangle Park, N.C. He agreed with 
respondents’ estimation that the United States cur¬ 
rently holds the lead, but he felt the question 
should really ask, “The lead in what?” 

In his opinion, the United States leads in basic 
research and in early product development. “We 
are good, but we are also good at giving away the 
technology for a fraction of its worth, just as we 
have done with some areas of electronics,” he 
said. 

In a study Dibner made recently of biotechnol¬ 
ogy efforts in Japan, he noted that “manager after 
manager told me that they look to the United States 
as a source of technology.” He also pointed out 
that very few US. consumers are aware of biotech 
products; the Japanese consumer is much more 
aware. 

“The Japanese know they wash their clothes 
in bio-detergents or can buy bio-wines or bio¬ 
lipsticks,” he said, adding that this is another rea¬ 
son why the Japanese are poised to be strong in 
the field. -Alfred Rosenblatt 


cause more than a modest concern. A 
minority of some size (18.7 percent) said that 
military R&D does not lead to technologi¬ 
cal advantage. According to them, a decrease 
in military R&D would lead to an increase 
in technological development on the as¬ 
sumption, perhaps, that the R&D money 
would be well spent elsewhere. 

In another area of interest to the Bush 
administration—the 
transfer of technology 
developed for the 
military to civilian 
use—a majority (55.3 
percent) felt that such 
efforts would be only 
‘ ‘somewhat likely’ ’ to 
revitalize American 
industiy [Fig. 6]. A 
minority (18 percent) 
thought it ‘ ‘very like¬ 
ly” to revitalize it. 

In selecting factors 
that would enable the 
United States to main¬ 
tain its position as the 
‘ ‘dominant global 
power” in science 
and technology in the 
next century, more than two-thirds of 
respondents (69.3 percent) judged that fund¬ 
ing for R&D from private industry would be 
the most important factor [Fig.7]. It should 
be noted that in the last fiscal year, funding 
for R&D in the United States—at roughly US 
$150 billion—was judged to be divided about 
equally—between government and industry, 
according to a National Science Foundation 
estimate. 

A large majority (62.0 percent) also be- 
heved that global dominance could be as¬ 
sured by stronger Federal government fund¬ 
ing of advanced technologies in a manner 
similar to the efforts of Japan’s Ministry of 
International Trade and Industry. Another 
important factor was felt to be stronger ties 
between private industry and colleges or 
universities (called for by more than half of 
the respondents); about an equal number 
stressed the importance of academic re¬ 
search financed by private companies. Less 
than a quarter felt that R&D efforts by for¬ 
eign companies in the United States or tak¬ 
ing advantage of emigres’ brain power would 
be important in keeping the United States 
a global leader. 

More than half (54 percent) seemed to 
look back fondly at the accomplishments of 
large-scale Government-sponsored projects, 
like the Manhattan Project and the Apollo 
space program. Similar commitments, 
respondents indicated, would be needed for 
the United States to make progress in tech¬ 
nical developments. 

AN EASY RIDE. The idea that Japan may have 
by now produced its share of technological 
iimovators and original thinkers seemed 
not to have penetrated the respondents. 
A large majority (62 percent) said Japan is 
having an “easy ride” on “basic technolo- 


developed in other countries.” 

Along similar lines, a large number (74.7 
percent) agreed with the assessment that 
‘ ‘Japanese companies take a lot of technol¬ 
ogy from the U.S. but provide very little 
technology to American companies in 
return.” 

A sizeable minority also seemed con¬ 
cerned that Japan’s ‘ ‘easy ride, ’ ’ and its per- 
ceived borrowing of 
ideas without provid¬ 
ing anything in return, 
might lead to ill will 
between Japan and 
the United States. 
This was suggested 
by the supposition 
that an embargo 
would be placed on 
“hot” technologies 
by the United States, 
Japan, or the Europe¬ 
ans in the near future. 

They believed it 
“very likely” or 
“somewhat likely” 
that this would occur 
(36.7 percent). How¬ 
ever, the majority be¬ 
lieved it ‘ ‘not too likely’ ’ or ‘ ‘not at all like¬ 
ly” (57.4 percent). Another majority (68.7 
percent) indicated it would be “mostly 
good’ ’ for American technological competi¬ 
tiveness if Japanese companies continued to 
increase the number of research laborato¬ 
ries they are setting up in the United States. 

However, some dissenters (22 percent) 
indicated this would be ‘ ‘mostly bad. ’ ’ Even 
more (30.7 percent) indicated they would not 
be interested in working for a Japanese R&D 
facility in the United States; more than half 
(58 percent) indicated they were interested. 

More than a third (35.3 percent) said they 
would like to work at a research facility in 
Japan. Cited most often as the reasons for 
this decision were the chance to travel, to live 
abroad, and to get to know another society. 

In what is very likely typical of the ex¬ 
perience of most U.S. engineers, respon¬ 
dents reported having had very little direct 
contact with Japanese companies or en¬ 
gineers. Most (82.7 percent) said they had 
never worked on a joint research or develop¬ 
ment project with a Japanese company. And 
only a handful (7.3 percent) indicated that 
they had plans for a joint R&D project with 
the Japanese, although most (74.7 percent) 
said they would like to set one up. 

Even though most respondents did not 
credit the Japanese as being basic innova¬ 
tors or creative thinkers, a majority felt that 
Japan could play many important roles be¬ 
cause of its position as a technologically and 
economically advanced country [Fig. 8]. 
They indicated they wanted the Japanese to 
do such things as participate in joint inter¬ 
national R&D activities at the “frontier of 
R&D” (89.3 percent) and increase capital 
spending for R&D in the United States (62.7 
percent). ♦ 


The majority 
view Japan 
as having an 
easy ride on 
technology 
developed 
elsewhere 
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APPLICATIONS/CONSUMER ELECTRONICS 


The challenges of digital HDTV 



Complex compression 
coding and motion 
compensation algorithms 
are key techniques used 
by system designers 

a sudden series of mas- 

I terstrokes, U.S. enpneers 
have propelled high-de- 
finition television (HDTV) 
into the digital era. Until 
last June no all-digital 
HDTV systems were can¬ 
didates for a terrestrial 
HDTV broadcasting standard in the United 
States. Now four are scheduled to be test¬ 
ed by the Federal Communications Com¬ 
mission (FCC). 

The move to digital began in June 
when General Instrument Corp. an¬ 
nounced its DigiCipher all-digital sys¬ 
tem. In November, the Advanced Tele¬ 
vision Research Consortium—National 
Broadcasting Co. (NBC), David Samoff 
Research Center, Philips Consumer 
Electronics Co., and Thomson Con¬ 
sumer Electronics Inc.—gave notice 
that a digital system would be devel¬ 
oped jointly by the Samoff Center and 
Philips Laboratories. 

In December, Zenith Electronics 
Corp., AT&T Bell Laboratories, and 
AT&T Microelectronics announced 
their joint development of an all-digital sys¬ 
tem (Zenith’s previous entry had been a hy¬ 
brid analog-digital design). And in January, 
General Instrument was again in the news 
with the revelation that it had joined with the 
Massachusetts Institute of Technology 
(MIT) to form the American Television Al¬ 
liance, which would submit two systems for 
testing: the DigiCipher system and a system 
to be developed with MIT. 

WHY DIGITAL? Back in March 1990, the FCC 
announced that it would consider only simul¬ 
cast systems for a U.S. terrestrial broadcast¬ 
ing standard—systems where one broadcast 
channel carries a standard National Televi¬ 
sion System Committee (NTSC) signal for 
reception on existing television receivers, 
and a second channel carries the HDTV sig¬ 
nal for reception on HDTV sets. But FCC 
chairman A1 Sikes made it clear that the door 
was being left open for any new technologi¬ 


cal developments that might arise. 

Sikes said: “.. .the Commission wishes 
to review carefully but quickly in early 1992 
any.. .new advanced television develop¬ 
ments. If in the course of that examination 
the Commission finds that a new advanced 
television technology is sufficiently concrete 
and developed to the point that it can be test¬ 
ed, the Commission will supplement the 
testing procedures and timetable to accom¬ 
modate it. ’ ’ He gave as an example the de¬ 
velopment of a fully digital system. 

But over and above whatever the FCC 
may have intended, digital HDTV offers 
certain advantages over an analog or hybrid 
system. First and foremost, a broadcast 
digital signal should in theory supply home 
HDTV receivers with pictures that are free 
from atmospheric noise, let alone inter¬ 
ference from motors, car ignition systems. 


Ronald K. Jurgen Senior Editor 


citizens band radios, and the like. 

According to James E. Carnes, head of the 
David Samoff Research Center, digital 
HDTV has additional advantages. The very 
sophisticated compression techniques that 
can be implemented digitally should produce 
superior image resolution and sharpness; 
and a digital approach provides more flexi¬ 
bility for channel utilization or to meet new 
scanning standards in the future. 

“Fulfilling the digital promise, however, 
is no easy task, ’ ’ Cames told those attend¬ 
ing the IEEE Media Briefing in New York 
City in November. Any simulcast signal must 
peacefully coexist with a rather hostile 
NTSC broadcast environment. The digital 
signals must not interfere with or degrade 
existing NTSC channels. Further, the digi¬ 
tal signals have to be resistant to interfer¬ 
ence from existing high-power NTSC 
signals. 

Digital service also naturally tends to de¬ 
grade abruptly. Unlike NTSC pictures, 
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One home receiver 
might get an excellent 
picture and the 
receiver next door 
might get nothing 


which deteriorate slowly as distance from 
the transmitter increases, but are still watch- 
able, pictures from digital transmissions sim¬ 
ply vanish. For example, one home receiv¬ 
er might get an excellent picture and the 
receiver just down the block, a little farther 
away from the transmitter, might get noth¬ 
ing, Cames said. 

The biggest issue for digital transmission 
in the terrestrial broadcast environment is 
how large the coverage area will be, Cames 
told IEEE Spectrum. Since spectmm is 
limited to the present very high-frequency 
(VHF) and ulti^gh-ftequency (UHF) chan¬ 
nels, currently unused channels must be har¬ 
nessed for simulcast signals. Since these sig¬ 
nals cannot significantly degrade existing 
NTSC service, the transmitter power must 
be limited—especially in heavily populated 
areas where spectmm is crowded. The 
issue, then, is whether the resultant 
coverage area will be large enough to 
make good business sense. 

Despite these formidable challenges, 
all the system proponents plan to have 
their digital systems ready for testing 
in accordance with the schedule set by 
the FCC’s Advisory Committee on Ad¬ 
vanced Television Service, together 
with the Advanced Television Test Cen¬ 
ter, Alexandria, Va. That schedule calls 
for a September start to the testing of 
the DigiCipher system from San Diego, 
Calif.-based General Instmment; an 
October start for the system from Ze¬ 
nith, Glenview, Ill., and two AT&T units 
in New Jersey (the Murray Hill laboratories 
plus AT&T Microelectronics in Berkeley 


Defining feims 

Aspect ratio; the ratio of frame width to frame 
height as defined tjy the active picture. 
Chrominance: the colorimetric difference between 
any coior and a reference color of an equal lu¬ 
minance and a specified chromaticity. 

Interlaced scanning: a process in which half the 
horizontal scan lines-every other one-of a tele¬ 
vision picture are transmitted first, and then the other 
half are transmitted and woven between the first set 
of lines. 

Luminance: the luminance intensity of a surface 
in a given direction per unit of projected area. 
Progressive (sequential) scanning: a process in 
which the entire picture is transmitted at once. 
Quantization: a process in which the continuous 
range of values of an input signal is divided into 
nonoverlapping subranges, and to each subrange 
a discrete value of the output is uniquely assigned. 
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Wayne C. Luplow, executive director of advanced research and development at Zenith Elec¬ 
tronics Corp. (standing left), and Richard Citta, manager of electronic systems R&D, evalu¬ 
ate the Glenview, III., company's low-power, interference-free HDTV system that uses taboo 
channels (top row of monitors). Conventional television broadcasts using the taboo channels 
cause interference (bottom row of monitors). 

Heights): a January beginning for the sys¬ 
tem from the Samoff center and Philips 
Laboratories, Briarcliff, N.Y.; and the follow¬ 
ing March for the systems from General In¬ 
strument and MIT in Cambridge. Until those 
systems are tested in Alexandria, Va., and 
at least one is subsequently tested in the 
field, no one can be sure how successfully 
the challenges can be overcome. 

Two other systems will also be tested: an 
enhanced compatible system from the Ad¬ 
vanced Television Research Consortium and 
an analog simulcast system from Japan 
Broadcasting Corp. (NHK), Tokyo. The Sar- 
noff ACTV system would improve existing 
NTSC transmissions to provide a picture 
with an aspect ratio of 16:9, so it is not in 
competition with the four digital simulcast 
HDTV systems. The NHK approach, how¬ 
ever, is a competitor for a U.S. simulcast 
standard but, at this writing, there had been 
no announcement that it would be convert¬ 
ed to an all-digital system. 

SYSTEM SIMILARITIES. All four proposed dig¬ 
ital HDTV systems have many design fea¬ 
tures in common. Besides transmitting dig¬ 


itally in a simulcast mode, they depend on 
the use of so-called taboo VHP or UHF 
chaimels. 

For the simulcast approach to be widely 
used, every existing television broadcast¬ 
er—and there are now over 1400—must 
have a second 6-megahertz channel in the 
existing television bands. No “new” spec¬ 
trum will be available, so simulcast signals 
must be able to use the currently unoccupied 
and unavailable taboo channels. 

Theoretically, all charmels could be oc¬ 
cupied if tuner performance was adequate, 
but in the interests of affordability, the FCC 
relaxed the requirements on tuner design by 
leaving charmels vacant. 

The taboo charmels are those not present¬ 
ly used for NTSC broadcasts because their 
nearness to other assigned channels in a 
specific locality would cause interference. 
With UHF channels, for example, the mini¬ 
mum separation allowed by the FCC be¬ 
tween co-chaimel transmitters (those with 
the same channel allocation) varies between 
250 and 355 kilometers (155-220 miles), de¬ 
pending on geographical location. For adja¬ 


cent channels, the minimum specified dis¬ 
tance is 90 km (55 miles). Minimum 
distances are also required between chan¬ 
nel transmitters to avoid interference from 
sound images, picture images, local oscilla¬ 
tors, intermediate frequency beat, and in¬ 
termodulation. Those distances may be as 
little as 32 km (20 miles). 

The four digital-system proponents are ad¬ 
vocating use of the taboo channels because 
it can take far less power to transmit carrier- 
suppressed digital signals than to transmit 
analog signals. The required average trans¬ 
mitted power for the digital portion of an 
HDTV signal can be less than 10 percent of 
that required by an NTSC transmitter with 
the same service area. Reducing the power 
of the digital signal, however, makes it more 
susceptible to interference from the much 
stronger NTSC signals on the same or other 
charmels. 

All proposed digital systems—as well as 
analog systems—also use some form of 
video bandwidth compression after basic 
analog-to-digital conversion [see “Analog in, 
digital out, ” p. 71 ]. These include interlace 
scanning, removal of source redundancy, 
utilizing human perception limitations, three- 
dimensional processing (the third dimension 
is time), and entropy coding. 

According to Kerns Powers, a television 
consultant in Princeton, N.J., although inter¬ 
lace scanning gives a 2:1 reduction factor in 
the total compression, a growing body of en¬ 
gineers feel that interlace is a poor method 
for 2:1 compression as compared, for exam¬ 
ple, with diagonal prefiltering and diagonal 
subsampling. 

Video bandwidth compression invariably 
involves compromises. For example, one 
compression technique is to transmit some 
of the detail in a picture over a longer peri¬ 
od of time. If motion is taking place in the 
scene, however, this approach causes 
smearing and ra^ed edges of that portion 
of the picture in motion. So some form of 
motion compensation must be used to off¬ 
set that effect. 

All systems also use some form of error 
correction coding so that the digital signal 
input to the source decoder portion of 
HDTV receivers will be accurate. With video 
bandwidth compression, a single error—a 0 
for a 1 or vice versa—can cause havoc. 

A BIT MUCH. There are two reasons why dig¬ 
ital HDTV signals occupy—before video 
compression—much wider bandwidths than 
do conventional NTSC broadcast signals. 

The first reason, which also applies to ana¬ 
log HDTV sisals, is that an HDTV image 
has about twice as much luminance defini¬ 
tion both horizontally and vertically (four 
times as many luminance picture elements 
or pbrels) as do conventional television sys¬ 
tems, and further additional pixels are need¬ 
ed for the wider screen (16:9 aspect ratio in¬ 
stead of 4:3). This increase in luminance 
detail requires about five times the video 
bandwidth of conventional television sys¬ 
tems. Since extra bandwidth is needed for 
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the separate transmission of the color 
values, or chrominance, the total bandwidth 
required is six to eight times that of conven¬ 
tional systems. 

As the baseband of NTSC video for VHP 
and UHF channels is 4.2 MHz wide, six 
times that is 25.2 MHz and eight times is 
33.6 MHz. So to handle the increased lu¬ 
minance detail and chrominance information 
in HDTV signals, additional channel space 
of 21.0-29.4 MHz is needed—in other 
words, the space occupied by four to 
five additional 6-MHz channels. 

The second reason is that when the 
analog output from an HDTV studio 
camera—one luminance and two chro¬ 
minance signals—is converted into a 
digital output, the analog luminance and 
chrominance signals are sampled at 
high rates, about 120 megasamples per 
second. Then the sampled values are 
quantized or converted into digital sam¬ 
ple words of 8 bits, for a total of 8 x 
120 or nearly 1 gigabit per second be¬ 
fore compression. 

The HDTV signal’s resolution deter- 
mines the bandwidth required, which in 
turn determines the minimum sampling 
fiiequency—twice the bandwidth, or Nyquist 
rate. 

CODING OPTIONS. Because bandwidths oc¬ 
cupied by digital signals are much too wide 
to be practical, given that the FCC has speci¬ 
fied no new spectrum space for such HDTV 
signals, a variety of techniques has been de¬ 
vised to compress them. 

The basic compression codes [see table] 
are outlined in the book Digital Pictures by 
Arun N. Netravali and Barry G. Haskell [see 
To probe further]. A practical coding system 
might be a combination of some of these 
basic codes. 

One code—pulse code modulation—is 
described in ‘ ‘Analog in, digital out, ” p. 71. 
Predictive coding—differential pulse code 
modulation (DPCM)—relies on predicting 
the value of the pbcel to be encoded. The 
encoded values of the previously transmit¬ 
ted pixels are used for the prediction, and 
only the prediction error or differential sig¬ 
nal is quantized for transmission. 

Predictive coding becomes adaptive if the 
prediction is based on local picture statistics, 
if the quantizer is ‘ ‘coarser’ ’ in visual terms, 
or if the prediction error is not transmitted 
whenever it is below a certain threshold. 
Predictive coding involves a delay in encod¬ 


ing a pixel until the trend of the signal can 
be more accurately observed and then coded 
accordingly. 

In transform coding, blocks of intensities 
of pixels are linearly transformed into blocks 
of fi-equency data called coefficients. Select¬ 
ed coefficients are then quantized for trans¬ 
mission. Adaptive transform coding is done 
in one of two ways; by changing the trans¬ 
formation to match picture statistics, or by 


Digital signals can 
be transmitted with 
far less power than 
that needed for 
analog signals 


changing the criteria for selecting and quan¬ 
tizing the coefficients to match the subjec¬ 
tive quality requirements. 

Interpolative and extrapolative coding 
techniques send a subset of the pbcels, and 
the pbcels in this subset are then extrapo¬ 
lated or interpolated in the receiver to ob¬ 
tain the untransmitted pbcels. Adaptive cod¬ 
ing involves varying the criteria for selection 
of the samples to be sent and also varying 
the strategy for interpolating or extrapolat¬ 
ing the remaining samples. 

Statistical coding techniques are used to 
assign bits to the quantizer outputs of DPCM 
or transform coded signals to minimize the 
average bit rate. 

MOTION COMPENSATION. Since bandwidth 
compression smears the portions of a pic¬ 
ture in motion and makes their edges rag¬ 
ged, as noted earlier, some form of motion- 
compensated prediction must be used. 

Motion compensation can be performed 
on either luminance or chrominance com¬ 
ponents or both. It is simpler to estimate 
motion from just luminance and then use the 
same estimate for chrominance. But as with 
bandwidth compression, a variety of tech¬ 
niques can be used. 

Motion estimation algorithms may focus 
primarily on extracting three-dimensional 
motion parameters from a sequence of two¬ 


dimensional images. Alternatively, they may 
estimate velocities on a point-by-point or 
region-by-region basis without considering 
the overall motion. 

ERROR CORRECTION. To minimize the effects 
of inaccurate digital transmissions, methods 
have been developed to conceal or correct 
the errors. These techniques often entail 
adding from 1 to 4 bits to an 8-bit word. The 
word plus its extra bits is called a block. 
When an error is detected in the word, 
the decoder in the receiver deletes the 
word and forms another in its place by 
interpolation from the preceding and/or 
following words. A word representing 
a picture element can be repeated to fill 
the gap formed by the deleted word. 
Alternatively, the preceding and follow¬ 
ing words can be averaged. 

In fixed-bandwidth channels like 
those for terrestrial broadcasting, bits 
used for error correction are taken from 
bits available for data transmission. 

More elaborate error correction is 
needed if several successive bits in a 
hJ word are lost or changed. One approach 
uses a forward error correction (FEC) code 
such as the Bose, Chaudhuri, or Hocquen- 
ghem (BCH) code. One FEC code can cor¬ 
rect as many as four bit errors in a 12-bit 
block through use of word storage from 
which predictions are made about words not 
yet transmitted. 

QUADRATURE MODULATION. A method that 
fits two distinct signals into the same fre¬ 
quency space is quadrature (90 de^ees out 
of phase) modulation. This technique has 
been used, for example, in the NTSC system. 

The NlisC color subcarrier is chosen to 
be an odd multiple of one-half the line fre¬ 
quency so that the subcarrier spectrum in¬ 
terleaves with the baseband luminance spec¬ 
trum. The subcarrier is then quadrature- 
modulated by two independent color differ¬ 
ence signals, which together with the decod¬ 
ed luminance signal permit deriving the 
three color components: red, green, and 
blue. The spectral interleaving minimizes 
the luminance-chrominance crosstalk, 
whereas the quadrature modulation 
separates the two chrominance components. 

Some techniques described are in all four 
proposed digital HDTV systems. 
DIGICIPHER SYSTEM. General Instrument’s 
DigiCipher system uses 1050-line interlaced 
scanning at a 59.94 field rate and a 16:9 as- 
(Continued on p. 71) 
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A GUIDE TO ENGINEERING WORKSTATIONS 


Revolution in the workplace 




ngineering is in the midst 
of a revolution, in which 
the workstation is usurp¬ 
ing the role of most es¬ 
sential tool. More and 
more engineers and en- 
tuming to these sys¬ 
tems to increase the efficiency of the design 
process and reduce time to market. Fuel¬ 
ing this revolution are major technological 
advances in computer architectures, design 
practices, and microelectronics price/perfor¬ 
mance ratios. And it is a self-perpetuating 
revolution, because the new design tools will 
be used to design even newer tools. 

The breadth of this revolution is evident 
in figures gathered by Dataquest Inc., a high- 
technology market research firm in San Jose, 
Calif. According to the firm, the worldwide 
market for workstations exploded from near¬ 
ly US $950 million in 1985 to more than 
$7300 million in 1990, more than a seven¬ 
fold increase in five years. That figure is 
even more impressive when it is recalled 
that the average unit price has been steadi¬ 
ly dropping. And Dataquest’s definition of 
a workstation is not as broad as the one 
IEEE Spectrum is using. We include under 
the workstation banner not only those 
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machines that, like a Sparcstation or 
RS6000, have the latest reduced-instruc¬ 
tion-set architecture; but also the high-end 
personal computers—those with 80386 or 
68030 chips, or better. Our criterion is sim¬ 
ple: an engineering workstation is any com¬ 
puter an individual can conveniently use for 
engineering work. Last November’s soft¬ 
ware report convinced us that PCs certain¬ 
ly fit that definition—and Compaq Computer 
Corp., Houston, Texas, known for its PC- 
compatibles, is pushing the industry to de¬ 
velop a clear standard for the next genera¬ 
tion of desktop workstations. 

Despite their growing numbers, worksta¬ 
tions are far from being known quantities in 
every design department. And, since work¬ 
station technology changes so rapidly, users 
of yesterday’s machines may not be famil¬ 
iar with today’s upgrades. So both potential 
user and old workstation hands alike will find 
something to mull over in this special guide 
to workstation hardware. The guide com¬ 
bines staff-written articles and those by 
workstation specialists, with tables based on 
information collected in a recent IEEE Spec¬ 
trum survey. 

Because ergonomic considerations, which 
play an important part in efficient worksta¬ 
tion operation, are often overlooked, the 
opening feature is a two-page illustration of 


what Spectrum considers the ideal working 
environment for an individual. 

Yet separate workstation “islands” will 
not help engineers compete in technology 
driven markets. Today, teamwork and con¬ 
current engineering are the important or¬ 
ganizational issues, so workstations must be 
tied together into networks that optimize the 
use of shared resources. This is the focus 
of the guide’s first article, ‘ ‘Using worksta¬ 
tions efficiently,” p. 38, from Grumman 
Corp., Bethpage, N.Y. 

For such large companies, a distributed 
computing environment, in which scores of 
engineers exchange design information in 
real time, is absolutely vital. Eventually, 
Grumman’s installation will include more 
than 400 networked workstations from such 
manufacturers as Digital Equipment, 
Hewlett-Packard, IBM, and Sun Micro¬ 
systems. 

Accompanying the article is a table listing 
a representative sample of workstations 
from over 40 companies. Because of the 
vastness of offerings, for this and the other 
tables in the guide. Spectrum was compelled 
to ask each vendor for only one of the com¬ 
pany’s most advanced products. 

Even with that limitation, the table accom¬ 
panying the next article [‘ ‘Add-ons for your 
workstation,” p. 52] covers four pages. 
That’s because &ere are so many things that 
can be done to customize workstations to an 
individual user’s needs (and because en¬ 
gineering demand is getting so large). Im¬ 
provements are found in all areas, from er¬ 
gonomic advances in the all-important input 
devices, such as keyboards and mice, to 
graphics adapters that increase resolution 
capabilities, memory systems that enlarge 
storage, and hardware accelerators that im¬ 
prove application performance. 

The essential choice for engineers is still 
the basic workstation and, in order to make 
informed decisions, a potential purchaser 
should understand the way in which work¬ 
stations work. In the last article in the guide 
[“How ICs impact workstations,” p. 58], 
readers can gain this understanding through 
the eyes of a top group of engineers from 
Hewlett-Packard Co., Palo Alto, Calif., fol¬ 
lowing their price/performance decision pro¬ 
cess as they create one of the more impres¬ 
sive workstations being readied for the mar¬ 
ket. (As we go to press, HP is preparing to 
announce a new line of workstations—the 
Series 700—based on this design.) Other 
possible IC choices are presented in a table 
accompanying this article. ♦ 
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Fast Computation + WYSIWYG Graphics + Programming + Debugger + X-Windows 

When you add it all up 


Object-Oriented 

Mathematics 

✓ Algorithms opti- 

’d for data types 



’’lupk^.d. 

Data dictionary 


math is the Answer 

Manip ulate youT data With lOO's of built-in functions. Develop new algorithms to find the answers you 
r eally need. Plot your results to show the world what you've done. All without a single line of Fortran or C. 


Writers have word processors, financial analysts have spreadsheets, and now 
er^jneers and scientists have Xmath™ — the only object-oriented, math¬ 
ematical analysis and scripting environment designed specifically for X-win- 
dows workstations. Xmath is the fastest math engine available today. Math 
functions, WYSIWYG 2-D and 3-D gtaphics, numerical progtamming, and 
a Motif interfk* are combined into an int^jated engineerir^scientific 
workbench. In one environment, you can interactively load, graph, and 
manipulate your data without writing a single line of code. 

Xmath was designed to let you develop your own function libraries. With 
the built-in MathScript™ language, you can develop and debug numeri¬ 
cal algorithms 10 to 100 times faster than with Fortran or C. The object- 
oriented nature ofMathScript lets you capture lOO's oflines of Fortran in 
a single command! And the firiendly Motif user interface allows you to 
work-with Xmath through pull-down menus, pop-up forms, and mouse 
clicks. Advanced function libraries written in MathScript are available 
for control design and signal processing. 
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Instead of spending your valuable time hacking out Fortran code, give us 
a call at 1-800-675-MATH and we’ll send you a FREE Xmath Demo 
Diskette for workstations. The diskette will convince you that Xmath 
is the best mathematical computation and graphics tool 
available. 



usy^ms inc. Santa Clara, California 95054 

Tel: (408) 980-1500 ■ Fax: (408) 980-0400 


Technical Seminar: Applications of Xmath 
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Defining terms 

Cache: a high-speed memory, logically residing be¬ 
tween a central processing unit (CPU) and main 
memory, that holds data the CPU is most likely to 
need for upcoming operations. 

Cache miss rate: the number of times that an oper¬ 
and needed by the CPU is not found in cache mem¬ 
ory and therefore a measure of cache algorithm per¬ 
formance, 

Complex-lnstructlon-set computer (CISC): a 

computer whose CPU is designed to run a large 
number of often lengthy built-in instructions that sup¬ 
port higher-level languages. (See also reduced- 
instruction-set computer.) 

Direct-access storage device: an electronic sys¬ 
tem for storing data online. 

Error delectioo and correction (EDC): a process 
by which data stored in memory is first given a dig¬ 
ital tag derived from that data. When retrieved, the 
tag is used to check the data and to correct it if 
necessary and possible. 

Extended Industry Standard Architecture 
(EISA): an extension for 80386 and later processors 
of the ISA bus for PC-compatible computers that 
provides compatibilily with earlier ISA systems. (See 
also Industry Standard Architecture.) 

Fiber Disirihuled Dale Inlerface (FDDI): a net 
work based on the use of optical-fiber cable to 
transmit data in non-return-to-zero, invert-on-1s 
(NRZI) format at data rates of 100 megabits per 
second. 

Flex circulls: circuits designed using a substrate 


material that is extremely flexible, typically capable 
of 180 degree bends. 

Forward annotation: the ability to make changes 
in an existing design that will automatically be 
passed along to other operations such as simula¬ 
tion and automated manufacturing. 

Industry Standard Architecture (ISA): the name 
given to the bus architecture developed t^ IBM Corp. 
for the AT version of its personal computer. (See also 
Extended Industry Standard Architecture.) 
Latency: the time between the completion of the 
interpretation of an address and the beginning of 
the actual transfer of data from the addressed 
location. 

Physical address: a binary address that refers to 
the actual location of information stored in a sec¬ 
ond level of memory, for instance, a disk drive. (See 
also virtual address.) 

Protacol cnnverter: a device that changes one 
computer or communications protocol into another. 
Reduced-lnstrucllon-set computer (RISC): a 

computer in which the instruction set is simplified 
and minimized for rapid execution by specially 
designed hardware. (See also complex-instruction- 
set computer.) 

Relational database: a method of storing informa¬ 
tion in which the relationship between different fields 
in a record is made explicit so that data can be up¬ 
dated and searched in terms of those relationships 
instead of record field locations. 

Schematic capture: the entry or translation of a 


symbolic drawing of electronic circuitry into 
computer-readable digital format. 

Shadow RAM: a special random-access-memory 
device that keeps a copy (shadow) of data taken from 
any memory location so that, if necessary, the data 
can be reinstated. 

Small Computer Systems Interlace (SCSI): an 

industry-standard high-speed interface for second- 
level storage systems. 

SPECmarks: a normalized measure of performance 
for RISC systems based on a standard set of oper¬ 
ations. 

Specular reflection: light from one or more ex¬ 
ternal sources reflected from solid objects. For 
computer-generated three-dimensional images, 
creating such reflections is a mathematically intense 
task. 

Translation loek-aside buffer: a buffer used with 
cache memory systems to hold recently complet¬ 
ed translations of virtual to physical addresses. (See 
also physical address and virtual address.) 
Virtual address: a binary address issued by a CPU 
that refers to the location of information in a prima¬ 
ry level of memory, such as main memory. When 
data is copied from disk to main memory, the phys¬ 
ical address (which see) is changed to the virtual 
address. 

Wireframe: a means of illustrating a solid in which 
regularly spaced lines outline the volume of the solid, 
spaces between the lines are not filled in, and lines 
that would be hidden in a true solid are not removed. 



The Standard for Circuit 
Simulation Has Expanded 



Advanced Filter Designer Bode Plot 

Advanced Filter Designer: 
New Front End 
Design Tool 


Advanced Filter Designer, a member of the PSpice family of 
products, is an interactive design aid giving you the ability to 
design and analyze active Filters. Features include a menu-driven 
interface, hard copy report summaries and plots, cascading 
multiple designs, and interfaces to PSpice and SWITCAP. 
Advanced Filter Designer supports Butterworth, Chebyshev, Inverse 
Chebyshev, Elliptic (Cauer), and Bessel approximations. There is 
also the capability to synthesize arbitrary transfer functions and 
delay equalization filters. 

A full editing capability allows you to insert, delete, and reorder 
stages, and modify coefficient values. These editing features allow a 
filter expert to fine tune a design, or quickly make a small 
modification to an existing design. 

Advanced Filter Designer supports both active RC and switched- 
capacitor biquad fdter structures. The components may be scaled or 
resized to center the values in preferred ranges. 

For further information about our Advanced Filter Designer package, 
please call us at (714) 770-3022 or toll free (800) 245-3022. 


L MicroSim Corporation 













It^ not easy being top dog. 


Sometimes it’s harder to stay out front than it is 
to get there. That’s why you need a CAE environment 
designed to keep the competition where it belongs. 
Behind you. 

Presenting Ctrl-C and Model C. Ctrl-C is the 
interactive command-driven language for classical 
and modern control design and analysis, signal 
processing, system identification and optimization, 
and engineering graphics. Model-C is the block 
diagram modeling and simulation program for work¬ 
station environments. It simplifies all phases of 
systems engineering, on projects ranging from 


chemical process modeling to underwater propulsion. 
Features include hierarchical model construction 
for mixed continuous and discrete systems, lineariza¬ 
tion, and automatic code generation. 

Ctrl-C and Model C from Systems Control 
Technology, Inc. When you want your project to fly, 
there’s no better way to get it off the ground. 

For more information contact the CAE Systems 
Sales Department at 800-227-1910, telex 176451SYSTEC 
PEA, fax 415-496-6595, or write to 2300 
Geng Road, Palo Alto, California 94303. 

CAE Systems is a division of SCT, Inc. 


n coming soon. CtrIC® and Model-C” are tiademacte of Systems Control Minology. 
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A GUIDE TO ENGINEERING WORKSTATIONS 


Tips on setting up your workstation 



To promote efficiency and 
safety, the lighting must 
be right, desk and chair 
should be comfortable, and 
the layout convenient 


In the wave of excitement about purchasing 
state-of-the-art workstations, it is easy to 
overlook the ergonomic aspects of the en¬ 
gineering environment. But engineers will 
have to live with workstations day in and day 
out, so it is important to take the physical 
layout of both the workspace and the work¬ 
station within it into account if a company 
wants to maximize the productivity and 
health of its employees. 


While setting up the workstation to avoid 
eye and muscle fatigue may be the most im¬ 
portant aspect of workplace design, what to 
do about reducing the effect of extremely 
low-frequency (ELF) magnetic fields is the 
most controversial. The IEEE’s United 
States Activities Board states that, “At the 
present time [Aug. 13, is^J, there is no 
convincing evidence that VDt[_electric and 
magnetic fields 
























health of VDT operators or adversely affect 
reproductive outcomes among pregnant 
women. However, further research is need¬ 
ed before a more conclusive statement can 
be made regarding the possible reproductive 
effects of factors associated with extensive 
useofVDTs.” 

The chief focus of ELF concerns is the 
workstation monitor, whose under-lOO-hertz 
vertical deflection system can generate ELF 
fields. While magnetic field flux densities of 
below 1.0 microtesla, as are typical some 30 
centimeters from a videodisplay terminal 
(VDT) screen, are deemed acceptable in 
Germany and England and by the Interna¬ 
tional Radiation Protection )^sociation, no 
standard for exposure levels has been estab- 
Ushed in the United States. 

Unverified work done in Scandanavia has 
led some to suggest that ELF levels be 
below 0.2 fiT Recent studies of some com¬ 
mercial monitors found that field strength, 
which diminishes with distance, is general¬ 
ly below 0.2 ^T at 76 cm (about arm’s length) 
from the monitor’s front and 122 cm from 
its sides and back. Responsible monitor 
manufacturers are beginning to specify ELF 
levels for their products. In the past, there 
have been vendors of display ‘ ‘shields’ ’ who 
led buyers to believe their product would re¬ 
duce such emissions when it did not. 

Since an office partition will not stop ELF 


emissions, workspaces should be set up so 
that no one in an adjoining area comes within 
122 cm of the sides or back of a monitor in 
someone else’s work area. (This meets the 
most stringent guidelines.) For adjoining 
groups of cubicles, centering a monitor at the 
back of a typical, 122-by-76-cm desktop and 
putting desks cattycomer in adjacent com¬ 
ers takes care of this. 

FENDING OFF FATIGUE. Engineers will typical¬ 
ly want a fairly large display because of the 
nature of the graphics material—schematic 
drawings and such—they work with. Some 
say that a 17-in. diagonal is the minimum ac¬ 
ceptable, while others claim they need at 
least a 19-in. screen. The important thing 
is that information be easily readable. 

The monitor should be situated so that, 
when the user is looking at it, his or her line 
of sight is between 10 and 20 degrees below 
the horizontal. This range seems to be most 
comfortable for users and helps prevents 
neck and back strain. Having the abihty to 
tilt the monitor so that the display is perpen¬ 
dicular to the line of sight is a plus. 

The monitor should also be positioned so 
that light from overhead fixtures or nearby 
windows is not reflected by the screen into 
the user’s eyes. If that’s not possible and the 
location of overhead lights cannot be 
changed to prevent reflections, either light 
baffles or partitions of an appropriate height 


should be installed. Similarly, window treat¬ 
ments should include adjustable blinds to 
prevent outside light reflections. 

The area around the monitor that the user 
sees when his or her vision strays from the 
screen should be at the same luminance as 
the display to prevent eye strain (caused 
when the pupil must contract or dilate rapid¬ 
ly). Since most users will want to have a 
reasonably well-lit office, this imphes that 
a predominantly light-colored display (that 
is, dark characters on a light back^ound) is 
preferrable; it may also improve both visu¬ 
al acuity and depth of field. With a light 
screen, however, be sure that the scan rate 
is high enough to prevent flicker. 

SITTING PRETTY. Office chairs should be ad¬ 
justable to fit an individual’s physical dimen¬ 
sions and provide good back support. A five¬ 
footed base is very stable, and casters will 
make it easier to move around. 

At minimum, a desk should allow leg room 
64 cm high, 46 cm deep, and 51 cm wide. 
For most individuals a surface height be¬ 
tween 65 and 75 cm is right for using a key¬ 
board or mouse; if a desk is not adjustable 
in height, then 72 cm is a good compromise. 
A typical office desk is about 122 cm wide 
by 76 cm deep. However, if an engineer fre¬ 
quently uses large schematics, then the desk 
should be wider, perhaps as wide as 160 cm. 
There should also be room for a desk lamp 
so that reference materials can be lit well. 
Since there should be a minimum of 46 cm 
between the edge of the desk and the mon¬ 
itor, and since the monitor depth can exceed 
30 cm, the desk may have to be deeper than 
76 cm or the monitor put on a pedestal or 
shelf behind the desk. 

No matter how comfortable the work¬ 
space is, a workstation user should remem¬ 
ber to take a rest from screen work occa¬ 
sionally; taking five minutes to stretch the 
limbs and rest the eyes every couple of hours 
is a good practice. And since worlbtation use 
tends to be sedentary, getting in some ex¬ 
ercise on the lunchbreak is a good idea. ♦ 


Floor plan: corner arrangement 
inherently prevents extremely low- 
frequency (ELF) emission problems. 

For facing arrangement, check distance 
from back of monitor to opposite user. 



Lighting: angles of more than 
60 degrees can cause glare. Use 
light battles or partitions to 
correct lighting problems. 


Source: the Department of Preventive Medicine of the University 
of Wisconsin, the National Research Council, and the National 
Lighting Bureau 
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A GUIDE TO ENGINEERING WORKSTATIONS 


Using workstations efficiently 


Distributing computing 
power with workstations 
paves the way for 
concurrent engineering 
with high productivity 




When computer specialists 
at Grumman Aerospace 
Corp.’s Aircraft Systems 
Division set out to devise 
a distributed computing en¬ 
vironment tying together 
diverse design operations, 
they knew they were deal¬ 
ing with a hydra-headed monster. Over the 
years, various units within the division had 
computerized their operations, resulting in 
a vast array of computer-aided engineering 
tools and related software. But these sys¬ 
tems were not necessarily designed to work 


together. 

Moreover, mainframes and other central¬ 
ized computing resources still played an es¬ 
sential role as a computing resource within 
the division—and they will continue to do so. 
But the move to localized computing power 
began long ago at Grumman, when worksta¬ 
tions and personal computers first became 
available. 

Now the task is to integrate these diverse 
resources into a fully distributed, data-driven 
environment, called the Grumman Com¬ 
puter/Information Integrated Enterprise 
(CIE). From a cost/performance perspec¬ 
tive, one of the most important steps Grum¬ 
man has already taken toward this goal is the 
introduction of the IBM RS6000 worksta¬ 
tion. The introduction of these machines 
supporting computer-aided design (CAD) 
and computer-aided engineering (CAE) ap¬ 
plications began last November in two 
Grumman facilities. Such leading two- and 
three-dimensional CAD/CAM software 
packages as Cadam and Catia, respective¬ 
ly, are already operating on these platforms, 
along with a large number of other appli¬ 
cations. 

To achieve the fully distributed environ- 


the available resources, determined the 
problems with the existing computing en¬ 
vironment, and formulated a “workstation 


Bernard I. Rachowitz, Richard K. Maue, 
Nicholas P. Angrisano, and Bill Abramson, 
Grumman Aerospace Corp. 
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migration plan. ’ ’ As the name suggests, the 
decision was to maintain Grumman’s 
CAD/CAM capabilities while controUing 
operating costs through effectively linked 
workstations. Crucial to the plan was the 
definition and implementation of a local-area 
network (LAN) strategy to link all the differ¬ 
ent types of machines together. Grumman’s 
Data Systems Division played a key role in 
the integration of this environment. A major 
thrust was to cost-effectively optimize the 
computing tools available to the engineers, 
while promoting the systematic implemen¬ 
tation of concurrent engineering among pro¬ 
ject teams. 

An additional objective was to significantly 
reduce the number of hours in the current 
product development cycle while increasing 
product quality via an effective workstation 
environment. It is this strategy that will sus¬ 
tain the company as a competitive aerospace 
player and guarantee its role as a major sup¬ 
plier. As Grumman implements CIE, con¬ 
cerns in the product cycle are solved, fur¬ 
ther reducing costs and ensuring the 
company’s competitive position. 

NETWORK TASKS. The Grumman Aircraft 
Systems LAN had to integrate on a peer-to- 
peer basis an array of hardware with a mix¬ 
ture of different operating systems. It also 
had to ensure rehability by fulfilling the 
necessary data-transfer and up-time require¬ 
ments. 'ITiese requirements make automat¬ 
ed file management a must. The systems in¬ 
cluded: 

• A Cray supercomputer running under 
Unicos. 

Members of the IBM RS6000family, like the 
workstation shown here, figure prominently 
in Grumman’s plans for its corporate 
technical environment. 



• Amdahl mainframes under MVS/XA and 
VM/XA. 

• DEC minicomputers under VMS and 
Ultrix. 

• Apollo workstations under Domain. 

• IBM RS6000 workstations under AIX. 

• Sun workstations under SunOS. 

• IBM PCs and compatibles under 
MS-DOS. 

• Macintosh personal computers under 
MacOS. 

The Cray, of course, plays the role of a 
high-end computational device for execut¬ 
ing compute-intensive tasks in such areas as 
fluid dynamics and structural mechanics, 
while the Amdahl mainframes serve mainly 
as the engine for systems that support the 
division’s business function. The DEC com¬ 
puters are employed in various laboratories, 
as well as front-ending some of the large 
mainframes conducting special-purpose in¬ 
vestigative projects and data analysis. 

The Apollo workstations are used mainly 
for software development projects and as 
platforms for rutming Mentor Graphics 
circuit-design and -analysis software. 

Currently the IBM RS6000 workstations 
are primarily used to run Cadam and Catia 
geometric design codes, as well as for anal¬ 
ysis and for numerical-control manufactur¬ 
ing work. But their use is spreading into 
other areas—in fact, Grununan was the first 
to use RSeOOOs for production CAD/CAM 
apphcations. 

The personal computers, both IBM and 
Macintosh types, are used for word pro¬ 
cessing, spreadsheet analysis, and office 
communications tasks. 

This migration of certain functions from 
large centralized mainframes and minicom¬ 
puters to a distributed LAN-based comput¬ 
ing environment supports the Grumman 
concept of employees working in “task 
teaming groups,’’ the company’s term for 
concurrent engineering. The resulting syn¬ 
ergy from co-locating members of various 
disciplines (aerodynamics, structural design 
and analysis, manufacturing, test engineer¬ 
ing, and business functions) has greatly 
reduced the overall calendar time from de¬ 
sign concept to product fabrication. 

Today’s LAN is an Ethernet-based net¬ 
work. The Transmission Control Pro- 
tocol/Intemet Prog^ (TCP/IP) was cho¬ 
sen because it provided a ubiquitous basis 
for establishing cormectivity between the 
many Grumman systems. TCP/IP also puts 
Grumman in an advantageous position for 
migrating to the Open Systems Interconnec- 
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How Grumman’s system 
will grow 


The present Grumman environ¬ 
ment (left) is a mixture ofivorksta- 
tions, graphics terminals, and 
time-share terminals connected by 
direct links as well as local-area 
networks (LANs); both a main¬ 
frame and a supercomputer provide 
support for compute-intensive 
tasks. In the future (below), en¬ 
gineers will rely more heavily on 
distributed computing in the form 
of workstations and supercom¬ 
puters linked solely by LANs. 



tion (OSI) protocols in the near future. 

Ethernet is supported on most of the com¬ 
puting platforms at Grumman. Virtually all 
of the Department of Defense and other U.S 
government agencies and universities that 
Grumman interfaces with have Ethernet 
TCP/IP LANs. The TCP/IP protocol is also 
supported by many vendors. 

At Grumman, the Ethernet LAN is ex¬ 
tended between sites or buildings by means 
of fiber optics or microwave or leased tele¬ 
phone lines for off-campus links. 

Grumman has native TCP/IP protocol on 
all of its LAN computers, including Amdahl 
mainframes running MVS/XA and VM/XA 
with extensions to the Telnet software ap¬ 
plication providing IBM Systems Network 
Architecture (SNA) 3270 terminal emula¬ 
tion. A key aid is a Mitek Corp. TCP/IP-to- 
SNA protocol converter handling special ap¬ 
plications that do not yet have TCP/IP 
support. 

TODAY’S SETUP. At Grumman, much of the 
current environment has evolved over time 
and is the product of numerous factors con¬ 
tributing to a technically strong collection of 
sophisticated design automation tools. Ele¬ 
ments such as autonomy for different 
aircraft-development projects led to the use 
of a myriad of tools for electronic CAD 
(ECAD) and CAM. Within the corporate 
toolbox may be found items from Cadam, 
Calay, Calma, Computervision, Daisy, 
Futurenet, Mentor Graphics, P-CAD, and 
Prance for use in the electronic design pro¬ 
cess. Of major significance is the fact that 
only a few of these tools are integrated with 
others, so that most are not able to share 


data interactively. Were there a 
universally supported CAE frame¬ 
work for commercial tools, it would 
be simple to add new tools to the sys¬ 
tem and have them work with those 
already present. 

In conjunction with these pur¬ 
chased tools, many in-house systems 
have been developed because commercial¬ 
ly available packages for some specific re¬ 
quirements were either nonexistent or in¬ 
adequate. Systems for drawings release and 
control, parts lists, methods, and logistic 
support are several examples. At some time 
during the production cycle, all of these sys¬ 
tems are required to interface with the pur¬ 
chased tools for ECAD. 

In all instances, the procured ECAD sys¬ 
tems matched quite well with their intend¬ 
ed purpose. Schematic capture, digital de¬ 
sign, behavioral modeling, digital fault 
simulation, and automatic test generation 
were just some of the capabilities used to 
design ICs, hybrids, printed wiring boards 
(PWBs), flex circuits, wirewrap assemblies, 
avionics boxes, and test stations. 

In retrospect, the CAE procurements of 
the late 1970s and early 1980s were primar¬ 
ily user driven and automated only what was 
particularly problematic at that time. These 
selective CAE decisions demonstrated an ef¬ 
fective return on investment and great im¬ 
provements in product quality. Two exam¬ 
ples: a PWB system reduced bare-board 
rejection rates from 38 percent to under 1 
percent; circuit design tasks were reduced 
by 25 percent by utilizing schematic capture 
and digital simulators, among other tools. 


Catia (with La 


Today, the return on investment could eas¬ 
ily be extended by addressing the product 
requirements of all disciplines in the CAE 
process (for example, engineering’s pack¬ 
aging needs, manufacturing’s need to inter¬ 
face with automatic insertion tools and var¬ 
ious test equipment, and technical 
publications’ task of generating maintenance 
manuals). Factors that then constrained the 
total return on investment were the actual 
tools, which by their technical nature limit¬ 
ed the electronic CAD integration that the 
users required. 

As the decade progressed, both hardware 
and software vendors became more sensi¬ 
tive to the demands for tool integration as 
specified by the customer. Elimination of 
proprietary hardware and operating systems, 
inconsistent data formats, unique databases 
and libraries, and the lack of consistent sup¬ 
port for standards were among those con¬ 
cerns. The technology development and di¬ 
vision computing department recognized 
that the emerging technologies would sup¬ 
port the required CAE system—one that had 
the ability to transfer and reuse valuable 
data. 

PAST PROBLEMS. Before embarking on the 
strategy for the shared-data distributed en- 
(Continued on p. 48) 
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Representative sample of commercially available workstations 


ratings 

Central 

processing 

Operating 

Floating¬ 
point ac- 

Memory^ 

Hard ^ 

bJckup^ 

Compact- 
disc ROM 

Graphics 

adapter' 

Monitor’’ ® 

interfaces’' 

Other features 
and options 

Acer America Corp., 1170, $4495, 3 days ARO 

11-F MIPS 

80486 

MS-DOS 

3.3 (Unix) 

On GPU 
chip 

R: 4-64M, 
85 ns 

200M. IDE 

N.A. 

N.A. 

VGA 

C: 14 in., 
1024 X 

768 

(E), RS2, 

148 



CISC, Intel 
80486 

4.01 

(Weltek 

4167 on 

CPU 

board) 

C:8-256K, 
25 ns 

R: 4-64M, 
80 ns 

(330- 

660M, 

SCSI) 

N.A. 

N.A. 

Super VGA 

(C: 14 In., 
1024 X 

768) 

(E). (TR), 
RS2, 

(RS4), 

(148), (C) 

Novell-, Banyan-, and 
Unix-compatible file 

IrlililUtlilliF 

li 

iimiiiiiiii',i 




[mum 







CISC, 

Motorola 

68030 

MacOS 

6.0.7 

(A/UX) 

Motorola 
68882 on 
CPU board 

C: 32K, 

25 ns 

R: 4-8M, 

80 ns 

80M, SCSI 

(160M, 

SCSI) 

s 

0 

NuBus 

C: 13 In., 
640 X 

480 (M: 

15 in., 

640 X 

870) 

(E), (TR), 
RS2, RS4, 
(148), (C) 

Can take DOS, OS/2 
files, SCSI/DMA con¬ 
troller; 2 I/O processors 

MIPS, 

1.56 

MFLOPS, 

37 790 

AIM 

Dhrystones 

CISC, Intel 
80486 

3.3 (MS- 
DOS 4.01), 
SCO Unix, 
Interactive 
Unix, 

OS/2,V1.2 

4167 on 

CPU chip 

20 ns 

R; 4-64M, 
80 ns 

ESDI) 

0 

0 

(VGA) 

(14 in., 

640 X 

480 or 800 
X 600) 

(E), (TR), 

(RS2), 

(RS4), 

(148), C 

Transparent direct- 
memory-access snoop¬ 
ing, Intelligent cache 
controller, 4-level write 
posting, burst mode 

26.5 MIPS 

80486 

Unix (MS- 
DOS, OS/2, 
Simultask) 

Intel 

80387 on 
CPU board 

128K, 

20 ns 

R: 8-64M. 
20 ns 

300M, 

SCSI (1G, 
SCSI) 

s 

s 

Super VGA 

17 in,, 

1280 X 
1024 (20 
in., 1024 

X 768) 

(£). (TR). 
RS2, RS4 

Up to 36G-byte hard¬ 
disk storage 


Motorola 

68030 

Unix V.4 

Motorola 
68882 on 

R: 4-16M, 
30 ns 

C: 8Kon 
chip plus 
128K, 

25 ns 

100M, 

80 ns 

105M, 

SCSI 

(210M, 

SCSI) 

0 

N.A. 

N.A. 

I (C: 14 in., 
800 X 

600) 

E, RS2, C 


SPEC- 

marks, 

16 234 
khorner- 

80486 

OS/2, 

Unix) 

On CPU 
chip 

120 and 
210M, IDE ■ 
320 and 
650M, 

ESDI 

0 

N.A. 

VGA (Ad¬ 
vanced 
Graphics 
System) 

(C: 16 in., 
1024 X 

768) 

(M: 14 in., 
640 X 

480) 

(TR), RS2, 

C 

Maximum drive storage 
2,6G, can use fixed- 
disk drive arrays 

MIPS, 1.4 
MFLOPS 

Logic 

Sparkit 20 

SunOS 4.1 

Weltek 
3170A on 
CPU board 

' C: 64K, 

25 ns 

R: 8-64M, 
100 ns 

(200M, 

SCSI) 

0 

N.A. 

Custom 

M: 19 in., 
1152 X 

900 (C: 
16/19 in., 
1152 X 

900) 

E, RS2 

3 internal 3-1/2-in. 
SCSI drive bays 

20-60 

MIPS, 

2.5-7.5 
MFLOPS 

^!sc^*^ 

Motorola 

68040 

Real-time 

Unix 

chip 

chip 

R: 8- 
128M, 

4 ns 

2146M, 

SCSI 

(850M, 

iPI2) 

0 

N.A. 

VGA 

M: 16 in., 
1024 X 

768 (C: 19 
in., 1280 

X 1024) 

E. (TR), 

RS2, 

(RS4), 

(148), (C) 

For real-time operation, 
480-/640-ns-resol- 
ution clock 

6.0 

MFLOPS, 

23 SPEC- 

MIPS 

R3000A 

Custom, 

Irix 3.3.2 

R3010A on 
CPU board 

C: 128K. 

20 ns 

R: 8- 
128M, 

20 ns 

200M, 

SCSI 

(1.2G, 

SCSI) 

0 

N.A. 

Custom 

C: 14 in,, 
1024 X 

768 (C: 19 
in., 1280 

X 1024) 

(148), C, 
(FDDI) 

Options: dial and but¬ 
tons box, digitizer tab¬ 
let, Genlock, NTSC or 
PAL 





miiiiim 


mniiiiii 

imiiiiii 

mii^ 


11 MIPS 

CISC, Intel 
80486 

MS-DOS 

4.01 

On CPU 
board 

C: 64- 
256K, 

25 ns 

R: 2-32M, 
80 ns 

155M, 

ESDI, 

SCSI 

(335M, 

ESDI, 

SCSI) 


N.A. 

(Varies) 

C: 14 in., 
1024 X 

768 

E, RS2, C 

EISA controller standard 


1 Terms in parentheses indicate options offered by vendors. 2 C = cache, R = RAM; capacity in bytes; access time. 

3 Capacity in bytes; IDE = Interactive Data Entry, SCSI = Small Computer Systems Interface, ESDI = Enhanced Small Disk Interface, IPI = Intelligent Peripheral Interface. 

4 0 = optional, S = standard, N.A. = not available from the vendor. 5 C = color, M = monochrome, resolution In pixels. 

6 E = Ethernet, TR = token ring, RS2 = RS-232C, RS4 = RS-422, I48 = IEEE-488, C = Centronics/parallel, FDDI = Fiber Distributed Data Interface. 
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Representative sample of commercially available workstations (continued) 


for- , Central 

ice ! processing , Operating 

ngs ; unit | systems^ 

Computer Corp., System 433TE. $81 


(MS-OOS, 

OS/2, 

Unix) 


On CPU 
chip (Wei- 
tek 4167- 
33 on CPU 


SOM, IDE 

(660M, 

ESDI) 


FREE 

opportunity 
to win a— 


HAND-HELD 

SCIENTIFIC 

CALCULATDR 


SPECTRUM’S Guide to Engineering Workstations 

We’d like your views... 


We’d like your views... 

on the Special 

SPECTRUM Workstation Guide 
In this issue 

Periodically, SPECTRUM asks its subscribers for 
their professional viewpoints and comments so 
that our editors may continue to produce the in¬ 
dustry’s most authoritative publication. We’d like 
your views! 

■ Simply complete and return this postage-free 
reply card. 

■ If your completed card is received before June 
1,1991, you will be automatically eligible for 
the SPECTRUM Free Hand-Held Scientific Cai- 
co/afor drawing. 

■ Drawing to be held on June 4,1991. There is 
nothing to buy. It is our “thank you” for taking 
time to respond. 


■ Which articies/tabies did you find IMPORTANT/ 
RELEVANT to you? 

YES NO YES NO 


Workplace design [ 
Workstation choices) 
Table: Systems ( 
Workstation add-ons) 


]Table: Peripherals ) 
JWorkstation design ) 
]Table: Advanced ICs) 


I What do you like most about this Guide? 


■ Any suggestions?_ 


Name_ 

Firm_ 

Address_ 
City_ 


Mip's 

80486 

4.01 (Net¬ 
Ware 3.1, 
Unix, 

OS/2)' 

Chip 

512K, 

15 ns 

R: 4-96M, 
70 ns 





3S19EEEI 

20 MIPS, 

2,6 

MFLOPS, 

11 SPEC- 

CISC, 

Motorola 

68040 

HP-UX 

7.05, Do- 
maln/OS 

On CPU 

C: 8K, 

40 ns 

R: 8-64M, 
80 ns 

12.5 

MIPS, 

1.03 DP 
MFLOPS 

RISC, In¬ 
tergraph 
C300 

Unix 3.1 
(MS-DOS 
3.3) 

Intergraph 
on CPU 
board 

C: 8K, 

38-57 ns 

R: 4-64M, 
100 ns 

37.1 

MIPS, 

13.7 

MFLOPS, 

32.0 

SPEC- 

RISC, 

custom 

Custom, 

AIX3.1 

On CPU 

Chip 

C: 64K 

R: 16- 
512M 

14 MIPS 

CISC, Intel 
80486 

OS/2, MS- 
DOS 3.30, 
Unix, PC- 
MOS, 

(Xenix) 

Weitek 

4167 on 

CPU board 

C;128- 

256K, 

20 ns 
R:16-64M, 

70 ns 


Drive array optional, 
350-/525M-byte inter¬ 
nal or external tape 
backups 


Portable workstation 
gas plasma moni , , 
tions include: 640-by 
480-pixel thin-film Iran 
sistor color display 
200M-byte hat' 
drive, tape back-up 
unit, built-in 2400-t ' 

modem 


E, RS2, 

VME, 

(FDOl) 


(M: 19 In. 
1280 X 
1024; C: 


A parallel-processing 
system that can have 
4-16 T800 transputer or 
I860 nodes, CPU board 
includes i860 copro- 


3-0 graphics standard, 
upgradable, optional 
digitizer tablet an' 


Optional: graphics tab¬ 
let, WORM drive, DSP 
cards, I/O cards 


Supports external 
peripherals, available as 
console, desktop, or 
digitizing model 


Options: larger hard 
drives, WORM drive, 
modems 
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Representative sample of commercially available workstations 



BUSINESS REPLY MAIL 

FIRST CLASS MAIL PERMIT NO. 885, PITTSFIELD, MA 

POSTAGE WILL BE PAID BY ADDRESSEE 


SPECTRUM 

READER SERVICE MANAGEMENT DEPT. 
PO BOX 5149 

PITTSFIELD, MA 01203-9740 


....II..I.III.II.I.I..I...I.I..IIIm..I..II 


768 (C: 19 
in., 1280 
X 1024) 


C: 14 in., 
1024 X 
768 (C: 19 
in,, 1280 
X 1024) 


E, RS2, 
(148), C, 
(FDOl) 


r real-time operation, 
0-/640-ns-resol- 
on clock 


Options: dial and but¬ 
tons box, digitizer tab¬ 
let, Genlock, NTSC or 


EISA controller standard 


ing, RS2 = RS-232C, RS4 = 


:e, ESDI = Enhanced Small Disk Interface, IPI = Intelligent Perlpl 
= monochrome, resolution In pixels. 

= Centronics/parallel, FODI = Fiber Distributed Data Interface. 
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Representative sample of commercially available workstations (continuod) 


Perfor- Central 

mance ; processing Operating 

ratings unit systems^ 

Dell Computer Corp.. System 433TE. $8 

Floating¬ 
point ac¬ 
celerator 

49-$20 495, 

3-5 weeks 

Hard 
drive' ^ 

backup^ 

Cempact- 
dlsc ROM 

Graphics 

adapter' 

Monitor' * 

Interfaces'' 

Other features 
and options 

14.5 

MIPS, 

10,8 

SPEC- 

marks 

CISC, Intel 
80486 

(MS-DOS, 

OS/2, 

Unix) 

On CPU 
chip (Wel- 
tek 4167- 
33 on CPU 

C: 128K, 

20 ns 

R; 4-64M, 
80 ns 

SOM, IDE 

(650M, 

ESDI) 

0 

N.A. 

VGA 

M: 12 in., 
640 X 

480 (C: 19 
in,, 1280 

X 1024) 

(E), RS2, 

C 

Drive array optional, 
350-/525M-byte inter¬ 
nal or external tape 
backups 

24 MIPS, 

6.4 single- 
precision 
(SP)/3.7 

DP 

MFLOPS, 

18.5 

SPEC- 

marks 

MIPS 

R3000 


MIPS 

R3010 on 
CPU board 

C: 128K, 

15 ns 

R: 8-120M 

(665M- 
21G, SCSI) 

S 

Custom 


M: 19 In., 
1024 X 

864 (M/C: 
16/19 in.. 
1280 X 
1024) 

E, RS2, 
(RS4). 

(C), 

(Foot), 

(VME) 

Optional digitizer tablet, 
dial box, button box 

14.5 MIPS 

80486 

(Unix) 

4167 on 

CPU board 

70 ns 

100M, 

SCSI 

(200M, 

SCSI) 

N.A. 

N.A. 

VGA 

(Super 

VGA) 

M: 9 in,. 
640 X 

400 (C: 

11'A In., 

640 X 

480) 

RS2, C 

Portable workstation, 
gas plasma monitor, op¬ 
tions include: 640-by- 
480-pixe! thin-film tran¬ 
sistor color display, 
200M-byte hard-disk 
drive, tape back-up 
unit, built-in 2400-baud 
modem 

160 MIPS, 
320 

MFLOPS 

RISC, Intel 
80486 and 
i860, 

T800 

Unix V-4 
(MS-DOS) 

chip 

R: 8-16M, 
80 ns 

150M, 

ESDI 

(600M, 

SCSI) 

0 

N.A. 

^vgP^ 

C: 14 in., 
1024 X 

768 

E, RS2 

A parallel-processing 
system that can have 
4-16 T800 transputer or 
I860 nodes, CPU board 
includes i860 copro- 

MFLOPS, 

17.3 

SPEC- 

marks 

RISC, 

MIPS 

R3000 

Custom, 
ES/OS 2.0 

^ipP^ 

R3010 on 
CPU board 

R: 8-128M 

SCSI) 

0 


Custom 

C: 19 In., 
1280 X 

1024 

E, RS2, 
VME, 

(FDOI) 

3-D graphics standard, 
upgradable, optional 
digitizer tablet and con- 

14.38 

MIPS 

80486 

4.01 (Net¬ 
Ware 3.1, 
Unix, 

Xenix, 

OS/2) 

On CPU 
chip 

C: 64- 
512K, 

15 ns 

R: 4-96M, 
70 ns 

338M, 

ESDI 

(338M, 

SCSI) 

s&o 

0 

Super VGA 

1024 x 

768 (16 
in., 1024 

X 768) 

(E), (TR), 
RS2, 

(RS4), 

(148), C 

Optional: graphics tab¬ 
let, WORM drive, DSP 
cards, I/O cards 

2.6 

MFLOPS, 

11 SPEC- 

Motorola 

68040 

HP-UX 

7.05, Do¬ 
main/OS 

On CPU 

40 ns 

R: 8-64M, 
80 ns 

400M, 

SCSI 

s 

S&O 

VRX 

C: 16 In., 
1280 X 

1024(C: 

19 in., 

1280 X 
1024) 

E, (TR), 

RS2, 148, 

C 


MIPS, 

1.03 DP 
MFLOPS 

RISC, In¬ 
tergraph 
C300 

Unix 3.1 
(MS-DOS 
3.3) 

Intergraph 
on CPU 
board 

C: 8K,' 
38-57 ns 

R: 4-64M, 
100 ns 

200M, 

SCSI 

(800M, 

SCSI) 


0 

Custom 

C: 19 in., 
1184 X 

884 (dual 
19-in. con¬ 
figuration) 

E, RS2, 

(C) 

Supports external 
peripherals, available as 
console, desktop, or 
digitizing model 

MIPS, 

13.7 

MFLOPS, 

32.0 

SPEC- 


Custom, 

AIX3.1 

chip 

C: 64K 

R: 16- 
512M 

SCSI 

(857M, 

SCSI) 

SCSI 


0 

Custom 

(M: 19 in., 
1280 X 
1024; C: 

23 in.. 

1280 X 
1024) 

(E), (TR), 
RS2, 

(RS4), 

(148), C 



80486 

DOS 3.30, 
Unix, PC- 
MOS, 

(Xenix) 

Weitek 

4167 on 

CPU board 

256K, 

20 ns 
R:16-64M, 
70 ns 


0 

VGA 

C: 14 in., 
1024 X 

768 

E. (TR), 

RS2. 

(RS4), 

(148), C 

Options: larger hard 
drives, WORM drive, 
modems 


Rachowitz, Maue, Angrisano, and Abramson—Using workstations efficiently 


43 















































Representative sample ef cemmercially available workstatiens (centinued) 


mance 

ratings 

Central 

processing 

Operating 

systems^ 

Floating¬ 
point ac- 
ceierator 

Memory^ 

Hard 
drive'’^ 

blckSp' 

Compact- 
disc ROM 

Graphics 

Monitor'’ ® 

Interfaces'’' 

0th 

options 

Mars Microsystems Inc., 

Mariner 4i, $6295-$11 995, 30-60 days 



17.3 

MIPS, 

12.3 

SPEC- 

CISC, Cy- 

CY7C601/ 

80386 

SparcOS 

4.x (MS- 
DOS 

3.3/4.1) 

Cypress 

CY7C602 

80387 on 
CPU board 

C: 64K, 

25 ns 

R: 2-96M, 
100 ns 

209M, 

SCSI 

0 

0 

VGA 

19 In., 

1152 X 

900 (19 
in,, 1152 

X 900) 

E, (TR), 

RS2, 

(RS4), 

(148), (C) 


MIPS, 2.1 
DP 

MFLOPS, 

16 

Megawhet- 

80486 

(Unix) 

(Weitek 

4167 on 

CPU 

board) 

C: 8K, in¬ 
ternal 

R: 4-16M, 
60-100 ns 

150M, 

SCSI 
(330M- 
1.2G,IDE) 



VGA 


RS2, C 

Comes in ISA or EISA 
versions, 256-K exter- 

maximum RAM on EISA 
version 


CISC, Intel 
80486 

4.01 

chip 


200M, IDE 

(750M, 

ESDI) 

0 

0 

Extended 

VGA 

C: 14 In., 
1024 X 

768 

(E), (TR), 
RS2, 

(RS4), 

(148), C 


MIPS, 

18.6 

SPEC- 

marks 

MIPS 

R3000 

Custom, 

RISC/os 

R3010 on 
CPU board 

C: BA- 
OAK, 

20 ns 

R: 8- 
128M, 
70-100 ns 

(6G, SCSI) 

105M, 

SCSI 

(210- 

600M, 

SCSI) 

S 


Custom 

M: 17 In., 
1152 X 

900; C: 
16/19 in,, 
1280 X 

1024 

E, (TR), 

RS2,(C) 

Board Is upgradable to 
next-generation tech¬ 
nology 

18 MIPS, 

1.5 

MFLOPS, 

12 SPEC- 
marks 

80486 

System 

V3.2 

Weitek 
4167-33 
on CPU 

C: 8K, In- 

R: 4-16M, 
70 ns 

0 

0 

Advanced 

Graphics 

System 

(C: 16 In., 
1024 X 

768)(C: 

17 in., 

1280 X 
1024) 

E, RS2, C 

2-0 graphics accelera¬ 
tor is standard feature 

27 MIPS, 
1,63 

SP/1.33 

OP 

MFLOPS 

80486 

4,0, OS/2, 
Unix) 

chip (Wei¬ 
tek 4167 
on CPU 
board) 

80 ns 

(100- 

340M, 1 

SCSI) 

N.A. 

s&o 

VGA 

(M: 14 in,, 
640 X 

480; C: 16 
In., 1024 

X 768) 

(E), RS2, 

C 


14.4 MIPS 

80486 

'^MS^Dof^ 

3.3 or 

4.01 

(OS/2, 

Ware 3.1) 

Weitek 

4167 on 

CPU board 

15 ns 

R: 4-16M, 
70 ns 

207M, IDE 

(200- 

667M, 

ESDI) (1- 
2.5G, 

SCSI) 

S 

0 

VGA 

C:14in., 
1024 X 

768 

(E),(TR), 

RS2, 

(RS4), C 

SPmSePliP 

TIGA graphics card 

80 

MFLOPS 

Sparc 

Engine 

SunOS 

Custom, 

C: 16K, 

40 ns 

R: 40M- 
1.4G, 

80 ns 

773M, 

SCSI 


N.A. 

Custom 

C:19in., 
1280 X 

1024 

E, RS2 

Frame grabber for 
RSI 70 video 

MIPS, 1.6 
MFLOPS, 
10.0 

SPEC- 

RISC, siin 
Sparc 

S nOS 

4,1.1 (Mac 
OS 6.0.6) 

Weitek on 
CPU board 

C: 64K, 

80 ns 

R: 8-48M, 
60 ns 

120M, 

SCSI 

(200M, 

SCSI) 



Custom 

M LCD: 

10.5 in., 
1152 X 

900; C 

LCD: 12.8 : 
in., 1024 

X 768 

(RS4) 

Battery-powered 

35 MIPS, 

6 

MFLOPS, 

23 SPEC- 
marks 

MIPS 

R3000A 

Custom, 

Irix 3.3 

3010A on 
CPU board 

R: 8-128M 

(200 M- 
1.2G, 

SCSI) 

0 

N.A. 

Custom 

C: 19 in., 
1280 X 

1024 (C: 

14 in,, 

1024 X 

768) 

E, RS2, 
(148), C 

Options include dials 
and buttons box and 
digitizer tablet 

18 MIPS, 

3 

MFLOPS, 

12 SPEC- 

press 4.03 
CY7C601 

SolarixOS 

Cypress 
CY7C602 
on CPU 
board 

256K, 

25 ns 

R: 8- 
128M, 

80 ns 

104M, 

SCSI 

S 

S 

Custom 

C: 19 In., 
1152 X 

900 (C: 16 
in., 1152 

X 900) 

E, RS2, C 
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IsISttJustAPiDjecL 

teW^Caierf’ 



There are two things you 
need to succeed in 
project management. 

The right attitude. And 
the right software: 
CA-SuperProject.® 
Powerful, flexible and 
easy to use, CA-SuperProject was 
designed specifically to handle your most 
complex projects-and your simplest. 

For the serious 
project manager, f 




and time-constrained leveling, priority 
scheduling and the most efficient 
algorithms ever developed. 

serious scheduler, 
CA-SuperProject makes it 
quick and easy. A graphical 
gHHIIIIIIII user interface with mouse 
cm '5 Computing suppoit and pull-down 
newfproteas monus enables all of your 
managers to become more 
software solution, efficient and productive. 

Not to mention more persuasive. 
CA-SuperProject delivers outstanding 
graphics and reporting. WYSIWYG, 
fonts, shade patterns, and symbols 
enable you to customize all your PERT, 
GANTT, WBS, and 
Cost/Resource charts 1 

for any audience ^ 
or application. Call 800- 
531-5236 in the U.S. or 800-387-4048 in 
Canada for complete information on the 
project manager your entire company can 
use. The one you can bet your career on. 

CA-SuperProject. 


mOMPUTBR 

ISSOCMTES 
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Representative sample of commercially available workstations (continued) 



Central 

processing 

unit 

Operating 

systems^ 

Floating¬ 
point ac¬ 
celerator 

Memory^ 

Hard 
drive'’^ 

Tape 

backup 

Compact- 
disc ROM 

Graphics 

adapter' 

Monitor'’ ® 

Interfaces'’® 

Other features 
and options 

Solbourne Computer )nc., 

S4000 Desktop Workstation 

$8995-830 000, 30 days 


25.5 

MIPS, 1.7 

M FLOPS, 
13.1 

SPEC- 

RISC 

Panasonic 

MN10501 

OS/MP, 

custom 

SunOS 

On CPU 
chip 

C; 8K 

R: 8- 
104M, 

60 ns 

(Dual 

200M, 

SCSI) 

0 

N.A. 

Custom 

M: 19 In., 
1152 X 

900 (C: 16 
or 19 in., 
1152 X 

900) 

E, RS2 


1.8 

MFLOPS, 

11.3 

SPEC- 

MIPS 

R3000 

NEWS-OS 

5.0 

R3010 on 
CPU board 

C: 64K 

R: 4-36M, 

8 ns 

SCSI 

(406M, 

SCSI) 

0 

0 

Custom 

M LCD: 11 
in., 1120 

X 780 

E, RS2, C 

Optional magneto¬ 
optical drive, digital 
audio tape, CD writer 

160- 

SP/80-DP 

MFLOPS 

CY7C601 

StarOS 

4.0.3 

(SunOS 

4.0) 

Cypress 
CY7C602 
on CPU 
board 

R: 32- 
256M 

SCSI 

(1.15G, 

IPI) 

N.A. 

N.A. 

N.A. 

N.A. 


Optional vector pro- 

128 MIPS, 
128 

MFLOPS, 

92 SPEC- 

MIPS 

R3000 

Unix V,3 

MIPS 

R3010 on 
CPU board 

C: 128K 

R: 32- 
512M 

760M, 

SCSI 

(1.6GB, 

SCSI) 


N.A. 

Custom 

C: 19 in., 
1024 X 
1280 

E, RS2, C, 
(Ultranet) 

Multiprocessor configu¬ 
rations. license includes 
arbiter chip that allows 
access to custom sys¬ 
tem bus 

MIPS, 4.2 
MFLOPS, 

21 SPEC- 
marks 

SunSparc 

SunOS 

board 

R: 16- 
96M 

207M 

N.A. 

N.A. 

N.A. 

M: 19 in., 
1024 X 

864 (C; 21 
in., 1280 

X 1024) 

E, TR, C, 
(FDDI) 

Optional file server, 
database server, and 

15.01 

MIPS, 
1.0-25.0 
MFLOPS 
(with Intel 
i860) 

80486 

3.3 or 4.0 
(Unix) 

4167-33 or 
Intel i860 
on CPU 

C: 128K, 

15 ns 

R: 4-32M, 
70 ns 

100M, IDE 

0 

0 

VGA 

C; 14 In., 
1024 X 

768 

(E),(TR), 

RS2, 

(RS4), C 

Options: 20-In. hlgh- 
resolutlon monitor, larg- 

memory, extra floppies 

12.5 

MIPS, 1.4 
MFLOPS, 

8.3 SPEC- 

Logic 

64801 

SparcOS 

Weitek' 

3170 on 

CPU board 

25 ns 

R: 8-64M, 
100 ns 

(207M, 

SCSI) 

N.A, 

N.A. 

Custom 

C: 19 In,, 
1280 X 
1024 (1152 
X 900) 

E, RS2, 

(C) 



80486 

MS-DOS 

3.3 or 

4.01 

(Unix, 

OS/2, 

Novell) 

chip 

C: 64K, 

15 ns 

R: 4-64M, 
80 ns 

(40- 

650M, 

IDE, ESDI, 
SCSI) 

0 

0 

VGA 

(C:19 in., 
1280 X 
1024)(G; 

16 in., 

1024 X 

768 or 

1280 X 
1024) 

(E), (TR), 
RS2, 

(RS4) 

64K cache is expand¬ 
able to 256K second- 
level mapped cache 

14.2 MIPS 

80486 

MS-DOS 

4.0 (OS/2, 
Novell, 

Unix) 

4167 on 

CPU board 

256K 

R: 4-64M, 
80 ns 

200M, 

SCSI 

(80-150M, 
IDE, ESDI) 

N.A. 

N.A. 

VGA 

C: 14 in., 
640 X 

480 

(E), RS2, 

C 


MIPS, 1,2 
MFLOPS 

Logic 

L64804 

SunOS 4.1 

N.A. " 

C: 64K, 

25 ns 

R: 8-40M, 
100 ns 

213M, 

SCSI 

N.A. 

N.A. 

N.A. 

N.A. 

E, RS2 

Options: internal hard 
disk up to 400M bytes, 
2.44M-byte 3-1/2-in. 
floppy-disk drive 

18 

MFLOPS, 

300 MOPS 

RISC, 

custom 

SunOS 

4.1.1 


R: 8-72M, 
150 ns 


N.A. 

N.A. 

Custom 

C: 19 In., 
1280 X 

1024 

N.A, 


27 MIPS 

CISC, Intel 
80486 

4.01, 

(OS/2, 

SCO Unix) 

chip 

15 ns 

R: 2- 
192M, 

80 ns 

300M, 

ESDI 

(660M, 

ESDI) 

N.A. 

N.A. 

(VGA) 

(C: 14 in., 
1024 X 

768) 

(E). (TR), 
RS2, 

(RS4), 

(I48). C 

128K-byte copyback 
cache, 64-bit-wide sys- 
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In college, you would have killed 
for MathCAD. So why aren’t you 
calculating with it now? 



100,000 engineers and scien¬ 
tists already let MathCAD do 
their calculations for them. 

Now that college is far behind 
you, perhaps it’s time you graduated 
from spreadsheets, calculators and 
programming. 

Because in today’s working world 
of engineering and science, there’s 
no time for anything less than 
MathCAD. The so^are that lets 
you perform engineering and 
scientific calculations in a way 
that’s faster, more natural, and less 
error-prone than any calculator, 
sprea^heet, or program you could 



write yourself. 

Thanks to MathCAD’s live 
document interface’" you can enter 
equations anywhere on 
the screen, add text 
to support your work, 
and graph the results. 

It also comes complete 
with over 120 commonly 
used fimctions built right 
BMt <rf"’88 in. Perfect for creating 

Best of’87 J complex equations and 
formulas, as well as exponentials, 
differentials, cubic splmes, FFTs and 
matrices. 

You get three-dimensional 
plotting, vivid graphing, and the 
ability to import HPGL files from 
most popular CAD programs, 
including AutoCADf 

Done calculating.^ MathCAD 
prints all your analyses in 
presentation-quality documents, 
even on PostScript® printers. 

All of which has made MathCAD 
far and away the best-selling math 
software in the world. In fact, if s 
used by over 100,000 engineers and 
scientists—including 31,000 
electrical engineers just like you. 

There’s MathCAD for the PC. 
MathCAD for the Mac, written to 


take full advantage of the 
Macintosh® interface. And a Unix® 
version that utilizes the speed and 
unlimited memory of your Unix 
workstation. 

We also have Applications Packs 
for Advanced Math, Statistics, 
Mechanical, Chemical, and 
Electrical Engineering. Each is a 
collection of adaptable mathematical 
models, designed to let you start 
solving your real world problems 
right away. 



For a free 
MathCAD demo 
disk, or upgrade 
information, dial 
1-800-MATHCAD 
(in MA, 617-577- 
1017). Or see 
‘your software 
dealer. 


Available ibr IBM^ compatibles, Macintosh 
computers, and Unix workstations. 

TM and ® signify manufacturer’s trademark or registered 


1-800-MATHCAD 


MathCAD' 


U.K.: Adept Scicntifk 0462-480055; France: ISECEGOS1-46092768; Germany: Softline 07802-4036; Japan: CRC 03-665-9762; Finland: Zenex Oy 90-692-7677; Italy: Channel 02-4229441. PEE 
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(Continued from p. 39) 

vironment, the Grumman CAD/CAM en¬ 
vironment had grown to be very large and 
sophisticated. The large number of Catia and 
Cadam users performing complex tasks 
could strain the mainframe environment. 
The response time that the users ex¬ 
perienced was not consistent and sometimes 
became unacceptably slow. 

In the new workstation environment, in 
contrast, the user is isolated in many ways 
from the computer operations generated by 
the neighboring users. The result is that the 
workstation user experiences acceptable re¬ 
sponse time across the spectrum of func¬ 
tions and, even more important, consistent 


response time. 

Another major problem was that the 
resources available in Grumman’s main¬ 
frame environment limited the CAD/CAM 
model sizes, which in turn restricted design¬ 
ers’ productivity. Because aerospace 
products are so complex, the limited model 
size constrained the ability to represent 
major components of the product in a sin¬ 
gle model. The workstation can provide 
more resources per user, enabling the allo¬ 
cation of larger model sizes without affect¬ 
ing other people on the network. This 
enhances productivity. Engineering, manu¬ 
facturing, and quality assurance persoimel 
operate more effectively because they can 


work with larger and more logical chunks of 
the design at one time. 

The workstation environment also pro¬ 
vides a more reliable system. On the rare 
occasions when a mainframe or the network 
went down, the entire user community was 
unable to work. However, in the distribut¬ 
ed environment, even if the network goes 
down, the user can continue to work in a 
stand-alone mode. 

A further workstation advantage is the 
ability to cost-effectively satisfy certain 
security requirements. This is achieved by 
isolating the workstations and tailoring their 
number for specific project requirements. 

Another facet of Grumman’s business is 
the fluctuation of requirements for CAD/ 
CAM resources. As projects build up or slow 
down, it is necessary to adjust the alloca¬ 
tions of computing resources. It is financially 
painful when the additional requirements 
force the acquisition of an additional main¬ 
frame. In the distributed environment, the 
company is protected from financial impact 
of increased computing requirements. 
COMING TOGETHER. An inte^ted electron¬ 
ic design system is now possible with the ad¬ 
vent of lower-cost, high-powered worksta¬ 
tions operating in an open-architecture 
environment. This new hardware capabili¬ 
ty will enable Grumman to more fully estab¬ 
lish an integrated workstation migration plan 
for the ECAD environment. The division is 
currently evaluating hardware and software 
operating within the overall distributed en¬ 
vironment in order to accomplish full ECAD 
integration. 

The plan will embrace the principles of 
standardization, as well as guarantee the in¬ 
dependence of the hardware platform and 
the engineering application software. It de¬ 
fines a focused workstation strategy that is 
dynamic enough to change with the introduc¬ 
tion of new technology, yet flexible enough 
in order to meet the rigorous customer- 
related requirements that are found in the 
aerospace industry. 

Software functionality must be such that 
the application code is capable of being 
moved from one vendor’s machine to anoth¬ 
er if required. The Grumman strategy is to 
implement software systems that can oper¬ 
ate in a heterogenous hardware environ¬ 
ment. It is therefore necessary to identify 
those systems that best fit this strategy- 
no special CAD operating systems layered 
over a standard operating system, nor spe¬ 
cial graphics accelerators, display units, or 
controllers will be employed, so far as pos¬ 
sible. For ECAD, the engineering applica¬ 
tion software must support the concepts of 
the single-part database and neutral data for¬ 
mats. Consistent with Grumman’s overall 
CIE implementation, compliance with stan¬ 
dards (for example, Computer-Aided Acqui¬ 
sition and Logistic Support—CALS) is a 
must. 

The programming environment will sup¬ 
port higher-level languages and facilitate the 
(Continued on p. 66) 


What good is service that 
promises the moon when it means 
going for days without Sun. 



When you consider how much you rely on your Sun system, 
ifs good to know you can always replace it Fast 
Apex Computer’s 24-hour emergency program 
guarantees next-day replacement 

Its part of %ex’s full menu of support services, 
including remote maintenance, depot repair and tech¬ 
nical phone support And its all backed by warranty. 

Well do everytimg we can to keep you from going APEX 
without Sun. Even if it ^es a littie moonlighting. computer 

Seattle • Sunnyvale • Boston • 1-800-654-8222 
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Perfection...MadeEasy! 



SCSI Disk and Tape Drives 

91 Mbyte to 2 Gbyte disk in single enclosure 
60 Mbyte and 150 Mbyte 114" tape drives 
8mm technology, 2.3 and 5.0 Gbyte capacity 
DAT 1.3 Gbyte 4mm and optical technology 


Tape Drives 

112" front loading 
PerTec or SCSI interface available 
Tabletop or rack mount configuration 
Same as offered by SUN 


Removable Disk Drives 

380 Mbyte - 2.0 Gbyte SCSI, ESDI, SMD-IPI. 
Security storage applications 
3 112" or 5 1/4" technology 



All workstation and file servers available. 



IPI and SMD Disk Drives 

300 Mbyte to 2.5 Gbyte 

Control panel, cables and rack mounting 

Optional floor stand (shown above) 



Internal SPARC station Drives 

Single drives ranging from 104 Mbyte 
to 700 Mbyte. Mounting brackets 
and all cables. 



Sun Boards • Memory • Cables 
Connectors • Controllers 

I & 4 Mbyte SIMMS for SUN SCSI, 
SMD and IPI disk and tape controllers 


^sun 





FAX (9)6) 344-]292 


technical phone support. 
Products fully tested. 


formatted and verified. 
Enclosure customized to 


customer's specifications 
(tabletop, pedestal, rack 


Sacramento CA 95842 
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SUN 

PROUDLY 

ANNOUNCES 

THE 

UmMAPE 



MACHINE 


SPARCstation™ 2. If you 
think Umits were made to be 
exceeded, this is your kind of 
machine. 

After all, it exceeds all our 
own limits. Last year, SPARC¬ 
station 1 broke every record for 
price and performance. And 
became the best-selling work¬ 
station in history By far. But we 
went right back to the drawing 
board. And created the entire 
SPARCstation 2 line. 

POWER YOU CAN ACTUALLY USE. 

To begin with, you get twice 


the performance. For about the 
same price. 28.5 MIPS. 21 
SPECmarks. And4.2MFLOPS. 
You can even have up to 96MB 
of RAM. And as much as 
7.6GB of mass storage. 

But more than just a hot 
engine, you get everything 
else you need to do your job. 
Unbelievably real graphics. 
Easy networking. A huge 
selection of software. And 
complete expandability 

Put all that together, and 
you get the kind of power you 
can actually use. 


THE WHOLE LINE IS AWESOME. 
THE PRICES AREN'T. 


Just look at SPARCstation 
2GX. It gives you ultra-high 
speed at no extra cost. And 
brings a whole new level of 
performance to X-window 
applications. So it's ideal for 
electronic publishing. Financial 
analysis. And for anyone who 
has to work with 2-D and 3-D 
wireframe applications. 

And that's just the most 
basic color model. We've also 
built SPARCstation 2GS. It lets 
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you create 3-D solid images 
in 24-bit true color. It's the 
kind of machine you hate to 
share. And from now on, you 
won't have to. 

At the high end, there's 
SPARCstation 2GT. It does all 
the above, but it's been tuned 
especially for PHIGS, which 
is the highest standard for 3-D 
graphics on the planet. So it 
mns five times faster than the 
GS. With all this, it gives you 
a level of image quality you've 
never seen at anywhere close 
to its price. 


THE WHOLE THING MAKES 
PERFECT STRATEGIC SENSE. 


At Sun, we make a fuU line 
of SPARC-based systems. From 
the lowest-cost RISC/UNIX® 
workstation in the world to 
servers that support hundreds 
of users. They're all binary 
compatible. And they're bx^t to 
run the most widely accepted 
standards for workstations. 

On the subject of software, 
there are more than 2100 
SPARC ware™ applications. In¬ 
cluding all the most popular 


solids modeling programs. 
And the most popular PC soft¬ 
ware. And with our OPEN 
LOOK® interface, you'll spend 
less time learning the system. 
And more time on your real job. 
If you'd like to know more, 
callusatl-800-821-4643. (From 
California, 1-800-821-4642.) 

And we'U give you a better 
machine to strive with. 

sun 

microsystems 
Computers that network people'^ 


, Inc, OPEN LOOK and UNIX are registered trademarks of UNIX System Laboratories, Inc, 





















A GUIDE TO ENGINEERING WORKSTATIONS 


Add-ons for your workstation 



There is a wide range of 
subsystems and add-on 
boards that can turn even 
the simplest computers 
into powerful tools 

The world of workstations 
offers an embarrassment of 
riches. Not only are there 
scores of machines to 
choose from, but suppliers 
(such as those listed in the 
preceding article) offer a 
cornucopia of configura¬ 
tions and options. Then, too, the technolo¬ 
gy in workstation subsystems is constantly 
improving, so it’s a rare system that isn’t up¬ 
dated during its working life. 

Before ordering or upgrading a system, 
the user should be aware of just what is 
needed to provide the desired capabilities. 
Given the vast range of choices, this is not 
a simple task. So it is necessary to look at 
the various classes of options and decide if 
they can actually deliver whatever is 
needed. 

Customers can often return to the origi¬ 
nal vendor to find the kind of performance 
improvements they seek, and typically this 
is their first avenue of investigation. How¬ 
ever, many third parties offer peripherals 
and boards that will increase system perfor¬ 
mance. These products can be attractive be¬ 
cause they provide capabilities beyond those 
supported by the workstation maker or offer 
equivalent capabilities at a discount. 

The table accompanying this arti¬ 
cle lists a representative sample of 
products that meet these criteria. As 
can be seen from the list, the num¬ 
ber of products that enhance perfor¬ 
mance of a PC-based workstation 
currently outnumber those for other 
workstations, particularly those with 
a closed environment. But the latter 
are beginning to increase, and users 
should keep their eyes open for more 
third-party support as a particular 
workstation brand gains ascendency. 

A workstation’s central processing 
unit (CPU) is a general-purpose com¬ 
puting device that has its hands full 
acting as a manager of workstation 
functions. If this CPU has to take on 

Spectrum staff 


a numerically intense task, like calculating 
the effects of various combinations of logic 
states for a very large-scale integrated cir¬ 
cuit, an engineer waiting for the results will 
begin to feel that the workstation has decid¬ 
ed to take a sabbatical. 

A HELPING HAND. To avoid such roadblocks, 
workstations can be fitted with coprocessors 
or accelerators that take over specific types 
of functions. For example, a simulation 
coprocessor can take on the task of verify¬ 
ing logic layouts or checking for fault condi¬ 
tions, letting the main CPU simply manage 
the overhead of related data transfers while 
performing other tasks. In other cases, a 
coprocessor may change the nature of a sys¬ 
tem, adding the capability to use a reduced- 
instruction-set CPU in a PC based on a 
complex-instruction-set processor. 

Because so many engineering tasks are 
mathematically intense, the most common 
add-on processor for computer-aided en¬ 
gineering (CAE) applications is the floating¬ 
point, or math, coprocessor, to which the 
CPU turns over the task of solving complex 
algebraic and trigonometric functions. 

Such a coprocessor works with floating¬ 
point numbers, and workstation perfor¬ 
mance specifications given in millions of 
floating-point operations per second 
(MFLOPS) essentially reflect the power of 
these chips. Floating-point coprocessors are 
often standard equipment on high-end work¬ 
stations such as HP/ApoUos and Suns. Since 
the 80486 and 68040 microprocessors have 
built-in coprocessors, the newest high-end 
personal computers also have powerful 
number-crunching abilities. However, PCs 



based on the 80386 or 68030 do not neces¬ 
sarily come with math coprocessors; to run 
engineering applications comfortably on 
them will undoubtedly require a copro¬ 
cessor. 

However, adding a math coprocessor does 
not necessarily answer all speed problems. 
While such chips perform floating-point cal¬ 
culations as much as 10 times faster than the 
general-purpose CPU, all applications have 
other overhead functions that may, in fact, 
take up the most CPU time. For instance, 
a spread-sheet analysis’s running time usual¬ 
ly depends more on memory addressing 
than actual math. A math coprocessor will 
not speed up transfers between disk and 
memory, so it may prove equally important 
to make sure there is plenty of memory in 
the system so as to reduce the amount of 
disk swapping. 

Few organizations want their workstations 
to be separate islands. Most want them to 
be connected with other systems with which 
they can share information, off-load complex 
jobs, or provide necessary control. For that 
reason, there is a brisk market in interfaces 
and adapters for workstations. 

Most corporate locations are being wired 
for some type of local-area network (LAN) 
based on several of the 802.X standards. As 
a result, there are LAN boards available for 
Tbase2/5/10 types of networks that will 
work with any popular workstation. In ad¬ 
dition, Fiber-Distributed Data-Interface 
(FDDD boards are also beginning to appear. 
And, since design work tends to be data in¬ 
tensive, it is not surprising to find many 
boards that will cormect workstations to 
I SCSI-compatible storage peripherals. 

I Other boards let workstations com- 
j|municate over the IEEE488 bus. Not 
I only will this permit the addition of 
p storage devices and digitizing scan¬ 
ners, but it will also allow the system 
to control measurement systems and 
instrumentation. 

Even if a workstation has no other 
interface, it will have a graphics 
adapter, whose function it is to send 
data to a display. It is the graphics 
adapter that determines with what 
(Continued on p. 56) 

The latest addition to workstation 
peripherals, special video systems let 
users capture on-screen operations and 
them to videotape, which can 
be used later for both employee train¬ 
ing and sales presentations. 
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Representative sample of add-on boards and peripherals for workstations 


1 Company 

Product 

Year first 
available 

Unit cost 
(US$) 

Key specifications 

Features and comments 

1 Hardware accelerators and coprocessors | 

Macron Inc. 

AL860 AT 

1990 

$6395 
(33 MHz) 

40-MHz i860 with 2M-16M 
bytes, 40 MIPS. 80 MFLOPS 

Available in AT- and VMEbus-compatIble versions, can add 

2 daughter boards, e.g. 24M-byte RAM, SCSI 

Avalon Computer 

Systems Inc. 

Vaccelerator 

AP/30 

1990 

$15 900 

33-MHz MC88100, 33 

MFLOPS 

Q-bus- or Unibus-compatible, multiple 16K-byte cache, 
256M-byte 80-ns dynamic RAM 

Computer System 

Architects 

Superset 

Plus 16FP 

1990 

$17 640 

16 20-MHz 32-bit 1800 
transputer 

PC and Sun models, 1M byte per CPU/FPU, can be or¬ 
ganized as mesh or hypercube by user 

Infotek Systems 

DSP332 

1990 

$2900 

WE-DSP32C, 15 MFLOPS 

Compatible with HP workstations with DIO bus, includes 
HP Basic Applications kit 

Intel Corp. 

387 DX-33 

1989 

$994 

33 MHz, 32- to 80-bit data, 
for floating-point math 

1C, compatible with 386 CPU, fits PC FPU socket, I.O-^jm 
technology, low power 

Loughborough 

Sound Images Ltd. 

SDSP/C30 

April 

1991 

$2995 

TMS320C30, 33 MFLOPS 

Compatible with Sun Sbus, IM-byte 25-ns static RAM, 8K- 
byte video RAM, analog I/O and SCSI interface included 

Mercury Computer 

Systems Inc. 

MC860 

1990 

$8900 base 

40-MHz i860 with 16M bytes, 
40 MIPS, 80 MFLOPS 

VMEbus-compatible, one-slot, multitasking, board- 
configurable, 450-algorithm library 

MicroWay Inc. 

Number 

Smasher-860 

1990 

$9200 

40-MHz i860 with 8M bytes; 

80 MFLOPS, 4-8 Linpacks 

Compatible with 80286/386/486, includes compiler for 
DOS, Xenix, Unix, and SunOS, supports transputer nets 

Opus Systems 

500-C 

Personal 

Mainframe 

Jan. 1991 

$7195 

LSI Sparc, 12.5 MIPS, 1.4 
MFLOPS, 10.0 SPECmarks 

Compatible with AT bus, runs SunOS and works in parallel 
with 80x86, gives DOS window 

Sky Computers Inc. 

Skybolt 

1989 

$12 000 

40-MHz i860 and i960, 2M- 
16M-bytes, 40 MIPS, 80 
MFLOPS 

VMEbus-compatible, one slot, static RAM cache, software 
for automatic vectorizing available, 54-Mb/s expansion port 

Torque Computer 

Inc. 

Compute 
Server d1 

1990 

$18 500 

Up to 1 GFLOPS, peak 

Network computational server, scalable up to 16 i860 
processors 

Zycad Corp. 

XP-100 

1990 

$40 000 

Custom, 1000 MIPS 

Logic- and fault-simulation accelerator compatible with VME, 

AT, and Sbus, includes EDIF library 

Local-area networks 

SHH 
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Interphase Corp. 

V/FODI 

4211 

Peregrine 

1990 

$8995 

100 Mb/s 

VMEbus-compatible, RISC-based 6U node processor for 
FDDI 

Milan Technology 

Corp. 

Micro-Mau 

Mil-02T 

1990 i 

$149 

10 Mb/s 

Ethernet for workstations, connects directly to any AU1 con¬ 
nector 

3Com Corp. 

Etherlink 16 

1990 

$445 

10 Mb/s 

Ethernet card for PCs and compatibles, 8-/16-bit self- 
adapting bus Interface 

Western Digital 

Corp. 

EtherCard 

Plus Elite 16 
Combo 

Jan. 1991 

$399 

10 Mb/s 

Ethernet card for non-MIcrochannel PCs, one jumper selects 
lOBase 5, lOBase 2, other configurations 

Interfaces ( 

Antares 

Microsystems Inc. 

SC-320 

1990 

$395 

38.4 kbaud 

8-channel serial interface for Sun Sbus, each channel 
programmable, full modem support 

Interphase Corp. 

E/SCSI 

4810 

1990 

$2995 

33M-byte/s burst mode 

32-blt EISA bus-master SCSI interface, configurable with 
single or dual ports, supports up to 14 devices 

lotech Inc. 

SB488 

1990 

$995 

1-Mbyte/s read/write 

IEEE-488 interface for Sun Sparcstation 1,1 a-, and IPC, 
includes device driver and language interface 

Macrolink Inc. 

VMEbus 

Multiplexor 

MVC/16 

1990 

$2395 

38.4 kbaud 

16-port asynchronous communications multiplexer for 
VMEbus, serial-port and bus parameters programmable 

National Instru¬ 
ments Corp. 

GPIB- 

SPARC1-B 

1990 

$995 

IM-byte/s read/write 

IEEE-488 interface board for Sparcstation 1, includes mul¬ 
titasking SunOS software and development utilities 

Solflower Computer 

Inc. 

SFVME-300 

1900 

$2895 

20M-byte/s VMEbus burst 
mode 

Sun-to-VMEbus converter, compatible with Sun 4 device 
drivers 

1 Graphics adapters | 

Acer/Altos 

VGA1024 

April 1991 

$189 

1024 X 768 pixels noninterlaced 

VGA-, PC-compatible 

ATI Technologies 

Inc. 

8514/Ultra 

Feb. 1991 

$599-$799 

1024 X 768 pixels, 70-Hz re¬ 
fresh rate 

PCAT-compatible, up to lOtimes faster than 8514/A, screen 
resolution as high as 300 dots per inch 

Cardinal Technolo¬ 
gies Inc. 

VGA700/ 

1MB 

1990 

$269 

1024 X 768 pixels, 8 bits/pixel 

PC-compatible, includes 8514AI driver 

RasterOps Corp. 

24L Display 

System 

~ 1990 

$8190 

1024 X 768 pixels, 24 
bits/pixel 

Macintosh 11-compatible, includes 19-in. Trinitron monitor 

Spectre Corp. 

SP300 ' 

Feb. 1991 

$9000 

1280 X 1024 pixels, 32 bits/pixel 

AT-compatible with TI34020 graphics engine, 8M-byte video 
RAM, expandable to 1600 x 1200 pixels 
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Workstation add-on boards and peripherals (continued) 


Company 

Product 

Year first 
available 

Unit cost 
(USS) 

Key specifications 

Features and comments 

Storage and backup systems I 

Memorv boards I 

Dataram Corp. 

DR-5000 

1990 

$18 000 

: 480M-byte capacity 

^ For DECstation 5000 workstations and DECsystem 5000 
: servers 

Helios Systems Divi¬ 
sion of Piiceon Inc. 

MHP400 

Jan. 1991 

N.A. 

32M-byte capacity, 80-ns ac- 
: cess time 

: For HP Series 400 workstation 

Infotek Systems 

EM400 

1990 

$2000 

32M-byte capacity, 80-ns ac¬ 
cess time 

For HP Series 400 workstation 

Micron Technology 
inc. 

Xceed 

ilci-128 

1990 

$419 

128K bytes 

' Cache card for Macintosh ilci, static RAM cache 
returns data in under 30 ns 

Parity Systems Inc. 

4/330 Ex¬ 
pansion 

1990 

$1365 

8M bytes 

‘ For Sun 4/330, versions to 32M-bytes 

Tecmar Inc. 

MicroRam 

386 

1989 

$549 plus 
$100/Mbyt8 

0-32M bytes 

MicroChannel architecture, for PS/2 models, zero wait 
state 

Disk emulators 1 

Cardinal Technolo¬ 
gies Inc. 

Flashcard/ 

RC1100F 

1990 

$199 

2M bytes 

PC-compatible, includes DR-DOS 5.0 in ROM, electri¬ 
cally reprogrammable flash memory 

Macrolink Inc. 

Solid-State 
Disk v/SSO 

1985 

$10 500 

32M bytes, lOM-byte/s data 
rate 

VMEbus-compatible solid-state disk, expandable to 

256M bytes, 1-ns average access time 

Western Automation 
Laboratories inc. 

Ramstor 

5150 

1988 

$3495 

0.5-ms access time, 5M- 
byte/s data rate 

SCSI-compatible systems, 5-1/4-in. form factor, option¬ 
al battery backup, expandable to 320M bytes 

Magnetic-disk drives 1 

Conner Peripherals 
Inc. 

CP3500 

Summit 

1990 

N.A. 

510M bytes, 2M-byte/s data 
rate 

3.5-in. drive in PC/AT and SCSI models 

Infotek Systems 

MS660 

1990 

$5995 

600M bytes, 4M-byte/s data 
rate 

For HP 9000 300/400, Sun 360 and Sparc 1 worksta¬ 
tions, digital-audio tape (DAT) backup optional, upgrad¬ 
able to 1.6G bytes 

Iomega Corp. 

Bernoulli ■ 
Transport¬ 
able 44 

1990 

$1259 

44.5M bytes 

Compatible with MS-DOS, 0S2, and MacOs, portable or 
dual unit available 

Maxtor Corp. 

LXT-535 

1990 

N.A. 

535M bytes, 20.5M-b/s data 
rate 

Either embedded SCSI or AT controller, 437M-byte ver¬ 
sion available 

MegaDrIve Systems ' 
Inc. 

MegaDrive 

P425 

March 

1991 

$4599 

426M bytes 

Compatible with MS-DOS, OS/2, Windows, Unix/Xerox, 
and MacOS, removable drive system 

Micropolls Corp. 

HS Drive 

1684 

1990 

$1865 

380M bytes, 4-Mbyte/s data 
rate 

3.9-ms effective access time, SCSI interface, half¬ 
height form-factor 

Parity Systems Inc. 

PS5100 

1988 

$2290 

327M bytes 

For Sun, IBM RS6000, Silicon Graphics, and Solbourne 
systems, models available with tape/floppy drives 

Plus Development 
Corp. 

Impulse 

'1990 

$700 

209M bytes, 4M-byte/s data i 
rate 

SCSI-compatible; available in 120M-, 168M-, and 
425M-byte versions 

Seagate Technology 
Inc. 

Sabre PTD 
ST82105K 

1990 

$25 000 

2.1G bytes, 24M-byte/s data 
rate 

Reads and writes with 8 heads in parallel, 9-head ver¬ 
sion available, iPI-to-VME controller standard 

SyQuest Technology 

SQ5110 

1990 

$1000 

88M bytes, 32M-b/s data rate 

Removable cartridges, integrated SCSI controller, half¬ 
height 5.25-in, form factor 

Erasable optical drive 

s , . ... . ... . .. J 

Iomega Corp. 

LaserSafe 

N.A. 

$4999 

652M bytes, 5.5M-byte/s data 
rate 

Supports OS/2 and MacOS, 256K-byte dual-port cache 

Laser Magnetic 
Storage Internalion- 
ai Corp. 

Laser Drive 

1990 

$4000 

653M bytes per disc; 490K- 
byte/s data rate 

Multicartridge/autochange optional, integrated SCSI 
controller 

[ Write-once, read-maiw drives 

Literal Corp. 

525GB 

1991 

$4399- 

$4899 

1.3G bytes per cartridge 

Internal and external configurations, dual-drive system 
available 

Sony Corp. 

WDD-600 

Writable 

Disk Drive 

1989 

N.A. 

4.36-6.55G bytes, depending 
on disk model 

Autochanger can extend capacity to 328G bytes per 
drive, seven drives may be daisy-chained to provide 

2.29T bytes 

[ Compact-disc ROM 1 

NEC Technologies 

Inc. 

Intersect 

CDR-83/73 

Feb. 1991 

$849/$949 

200M-680M bytes 

External or internal model compatible with PCs, PS/2s, 
and MACS 

Winchester 

Technoiogy 

WT-S-241 

Disc and 

Tape Sub¬ 
system 

1990 

$3100 

1.2G-byte disc subsystem 

SCSI-based, compatible with Sun, IBM/RiSC, and Mac 
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Workstation add-on boards and poripherals (continued) 


Company 

Product 

Year first 
available 

Unit cost 
(US$) 

Key specifications 

Features and comments 

Tape systems I 

Alloy Computer 
Products Inc. 

Retriever/ 

2200 

1990 

$7995 

2.5G bytes per 8-mm cartridge 

Compatible with Banyan, PC-LAN, 3-COM, or stand¬ 
alone machines, has SCSI controller, software for 
scheduled unattended backup 

Emerald Systems 
Corp. 

Rapid Re¬ 
cover 1.3GB 

1990 

$7290 

1.3G bytes 

Compatible with NetWare 386 file server, EmQ software 
included lets multiple tape drives be installed 

Irwin Magnetic 
Systems Inc. 

Model 9231 
SE 

1990 

$6896 

4.6G bytes per 8-mm cartridge 
with data comparison 

SCSI-based, compatible with PC XT/AT and PS/2, DOS, 
and SCO Unix, automatic backup 

Mountain Network 
Solutions Inc. 

FileSafe 

1200 

1990 

$5995 

1.3G bytes per cassette; 183K- 
byte/s data rate 

Digital-audio tape (DAT) technology, maximum capacity 

Is 3.2G bytes In 2 dual-drive units, standalone or half¬ 
height form-factor internal 

Palindrome Corp. 

Fast 1300 

Series 

TS-F1300-A 

1989 

$4995 

1.3G bytes per cassette, 183K- 
byte/s data rate 

DAT technology, for PC/AT, includes software for pro¬ 
tecting up to 350M-byte disk, expandable 

Sysgen Inc. 

Maxi OS/2 
TS1300 

Jan. 1991 

$5785 

1.3G bytes, 183K-byte/s data 
rate 

DAT technology, for OS/2 Law Manager 

Tallgrass Technolo¬ 
gies Corp. 

File Secure 
FS4000 

1989 

$4595 

2.2G bytes, lOM-byte/minute 
data rate 

DAT technology with data compression, supports MS- 
DOS, OS/2, Novell, Unix, and MacOS, SCSI interface 

Wangtek Inc. 

5525 SCSI 
Tape Drive 

1990 

$1195 

525M bytes 

Compatible with QIC-150,-120, and -24 formats, 1G- 
byte unit available 

Input devices 






Mice 1 

Kye internation- 
al/Genius 

Genius 

GM-F303 

1989 

$109 

125-1400-dot/in. resolution 

Resolution selectable by button or software, optical en- 
coder/steel ball technology, PC- and PS/2-compatible 

Logitech Inc. 

Cordless 

Radio 

MouseMan 

Jan. 1991 

$199 

400-dot/in. resolution 

Radio-transmission mouse, user frequency-selectable (8 
choices), one-year battery life 

Mouse Systems 

Corp. 

PC Mouse 

III 

1990 

$169.95 

30-30 000-dot/in. resolution 

Resolution selectable by button or software, 100% opti¬ 
cal technology, accurate to within 0.001% 

1 Track balls | 

Kensington Micro¬ 
ware Ltd. 

Expert 

Mouse 2.0 

1990 

$149.95 

200-dot/in. resolution 

2-button trackball with click-lock and chording fea¬ 
tures, PC- and PS/2-compatible, bus and Windows 3.0 
driver versions available 

MicroSpeed Inc. 

PC-Trac 

1990 

$119 

50-1000-dot/in. resolution 

PC- and PS/2-compatible; includes driver for Auto-Cad, 
bus version available 

1 Digitizer tabiets | 

Altek Corp. 

Datatab 

Digitizer 

Series 

1978 

$1300 for 
12-in.-sq 
model 

0.001-in. resolution 

0.07-mm accuracy, table range: 12 in. sq. to 60 by 120 
in., backlit opaque or rear-projection styles 

GTCO Corp. 

GTCO Super 
1987 L 

Series 

$1695- 

$3995 

N.A. 

0.001-in. resolution 

Other resolutions selectable, PC-compatible, sizes 17 
by 24 in. to 42 by 60 in. 

Hitachi America 

Ltd. 

Puma Plus/ 
HDG-1212E 

1990 

$549 

1016-line/ln. resolution 

0.020-in. accuracy, supports over 250 CAD/CAE pack¬ 
ages, compatible with PC, Sparcstatlon, and Decstatlon 

Kurta Corp. 

XLC2436 

Digitizer 

1990 

$3795 

1279-dot/m. resolution 

0.005-in. accuracy, 24 by 36 in., dual pen/cursor 
ports, template programmability 

Numonics Corp. 

Grid Master 

1989 

$449-$469 

1000-line/in. resolution 

0.010-in. accuracy, 1/32-in.-thick flexible digitizer pad rolls 
up for storage, pen-tilt correction, PC- and MAC-compatible 

Science Accesso¬ 
ries Corp. 

GP-9 Sonic 
Digitizer 

1990 

$2195 

1000-line/in. resolution 

No special work surface required, 27 by 7 in., PC- and 
workstation-compatible, emulates any digitizer format 

Scriptel Corp. 

RDT 

12x12-in. 

1988 

$1295 

1000-line/in. resolution 

Transparent surface, 0.010-in. accuracy, other sizes to 24 
by 36 in., emulates Summagraphics, and others 

Summagraphics 

Corp. 

Summa 
Sketch II 

1989 

$599 

1016-line/in. resolution 

0.015-in. accuracy, PC-compatible, 11.7 in. sq., 350ap¬ 
plications, templates for AutoCad, VersaCad, and Animator 

Wacom Inc. 

SD-510 

1989 

$695 

508-line/in. resolution 

Cordless, batteryless, 0.020-in. accuracy; 6 by 9 in. (larger 
sizes available). Macintosh-compatible 

Output systems 






1 Monitors | 

NEC Technologies 
inc. 

Multisync 

5D Color 
Monitor 

1989 

$3699 

20 in., 1280 by 1024 pixels 

Color, dynamic beam focus and dual focus, digital controls 

Radius Inc. 

TPD/PC 

1990 

$2590 

21 in., 1280 by 960 pixels 

Grayscale/paperwhite, includes interface card, high-speed 
drivers for Windows 3.0, VTGA-, PC- and PS/2-compatible 
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Workstation add-on boards and poripherals (continuod) 


Company 

Product 

Year first 
available 

Unit cost 
(US $) 

Key specifications 

Features and comments 

Tatung Co. of 

America Inc. 

CM-2020 

April 1991 

$3399 I 

20 in,, 1280 by 1024 pixels 

Color, dynamic focusing, VGA-, Super VGA-, Macintosh 

II- and Sparcstation 1-compatible 

Wyse Technology 

WY-890N 

1989 

$2899 

i 19 in., 1024 by 768 pixels 

1 Color, noninterlaced video refresh, OCLI antiglare coating | 

Scan converters 1 

Folsom Research 

Inc. 

Video/Scan 

I 9100 

Jan. 1991 

$13 900 

N.A. 

Video scan converter and frame grabber for IBM RS 6000, 

24-bit frame buffer 

RGB Technology 

Inc. 

RGB/Video- 
link 1450 

Feb. 1991 

$14 995 

20-80-MHz horizontal scan 
rate 

Real-time video scan conversion for videotaping, autosync, 
compatible with workstations, PCs, and Mac lls 

rGraphics printers 1 

Fujitsu America 

Inc. 

DL4600 

1990 

$1395 

N.A. 

Supports Sun's Newsprint software, handles multiple paper 
types and sizes 

Okidata Group i 

of Okl America 

Inc. 

OL840 LED 
Page Printer ■ 

1990 

$2999 

N.A. 

Laser PostScript printer, software-selectable emulations and 
interfaces for multi-environment offices 

QMS Inc. 

PS-41Q 

1990 

$2795 

N.A. 

Includes PostScript, simultaneous interface operation (seri¬ 
al, parallel, AppleTalk), also provides automatic emulation 
switching 

Tektronix Inc. 

Phaser II 

PXN 

Jan. 1991 

$2995- 
$10 995 

300-dot/in. resolution 

Thermal-wax color printer, PostScript-compatible, 3 ports 

(Centronics, RS-232, AppleTalk) plus Ethernet 

f Plotters 

. ^—J 

CalComp Inc. 

Drawing 
Master Plus 
(52436) 

Jan. 1991 : 

$22 995 

406-dot/in. resolution 

High-speed toner-free raster plotting, includes 4-to-1 input 

multiplexer and two-color (black and red) capability 

Houston Instrument 
Co. 

DMP-61 DL 

1989 

$4895 

Plotting speed up to 45 in./s 
(diagonal) 

0.0005-in, mechanical resolution, system capabilities in- 
elude pen and vector sorting, Quick scale feature 


(Continued from p. 52) 

resolution, given in terms of horizontal and 
vertical pixels, a system can display data. 

At critical times in a project, it always 
seems that the quantity of memory needed 
exceeds the quantity available. Sooner or 
later, then, extra memory must be added to 
the system. Enlarging internal RAM can also 
make an application run faster, since less 
time is spent moving between disk storage 
and the RAM. 

Similarly, adding cache memory (if system 
design permits) raises performance by using 
faster RAM to supply immediate processing 
requirements. But critical to the perfor¬ 
mance increase is the cache miss rate; that 
is, how likely it is that data will not actually 
be in cache when needed. If the data re¬ 
quired cannot be scheduled into cache ac¬ 
cording to some fairly reliable algorithm? 
then expanding the expensive, high-speed 
cache does not buy much improvement in 
performance. 

Most workstations come with hard-disk 
drives, and the cost per bit of these drives 
is constantly decreasing. That makes it high¬ 
ly likely that at some time in its life a work¬ 
station drive will be upgraded to a higher- 
capacity unit. Further, some disk-drive sys¬ 
tems allow users to add additional hard-disk 
capacity as their need for storage increases 
without swapping out the previous drive or 
changing the drive controller. Of course, 
users should know just how much disk stor¬ 
age, internal or external, their system can 
support. 

Some workstation manufacturers have 
taken to offering compact-disc ROM (CD- 
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ROM) drives as options on their newest 
models, because the compact disc is becom¬ 
ing a popular way of distributing large en¬ 
gineering apphcations and extensive soft¬ 
ware libraries. Current workstation users 
can also turn to third-party suppliers. Be¬ 
cause of its density, digital audio tape (DAT) 
is also being considered as a distribution 
medium, as well as a back-up option. 

In fact, there is an ocean of options for 
backing up design information, from reels of 
half-inch tape to write-once/read-many 
(WORM) cartridges. Choosing the right 
type depends on a company’s requirements. 
A typical scenario is one in which data is 
backed up once a week for everyone, but for 
critical projects, data may need to be backed 
up daily or even more frequently. 

In choosing a back-up approach, a com¬ 
pany needs to examine its operations and es¬ 
tablish policies to which everyone adheres. 
One of the first questions a company should 
answer is, “Do we always need to have im¬ 
mediate access to backed-up data?” If the 
answer is yes, a company has essentially 
three choices: floppy drives, fixed hard 
drives, and removable-disk-cartridge drives. 
On the other hand, if, in the event of data 
loss, a company can re-install backed-up data 
at a more leisurely pace, there are optical- 
and magnetic-tape systems that will Ml the 
bill. 

OF MICE AND KEYS. The typewriter-style key¬ 
board is still the primary means of interact¬ 
ing with a workstation. The kind of keyboard 
required in a particular environment de¬ 
pends upon the kind of network operations 
performed. For example, VT220-style key¬ 


boards will often be required in facilities that 
have grown up around Digital Equipment 
Corp. machines, particularly if the worksta¬ 
tion happens to be part of an X Window Sys¬ 
tem environment. Further, some keyboards 
have other types of manual-interface tech¬ 
nology, such as a trackball, built in. If a track¬ 
ball is one of the preferred manual devices, 
then such a keyboard will save space on the 
desktop. 

Still, the mouse is undoubtedly the sec¬ 
ond most popular manual device with work¬ 
stations, and the technology keeps on im¬ 
proving. For one thing, mice vendors are 
beginning to offer left-handed devices. Also, 
whereas aU older mice had to be connected 
to workstations by cables, units are now be¬ 
ginning to appear that use infrared (IR) or 
radio frequency (RF) signals to communicate 
with the workstation’s main housing. 

Many users will be glad to become untan¬ 
gled from their system, but they need to in¬ 
vestigate whether the cable-fi-ee devices will 
work in their environments. IR systems, for 
instance, will require a clear line-of-sight to 
the input port on the workstation, and if 
there are too many RF broadcasting mice in 
the area, users could be manipulating data 
on other systems. 

The popularity of the mouse has over¬ 
shadowed earlier technologies, such as the 
trackball and the light pen, but these too 
have advanced. Trackballs are attractive on 
desktops where space is at a premium; they 
do not require a ‘ ‘mousing area’ ’ or mouse 
pad to operate. They also give an operator 
very fine control over the position of the cur¬ 
sor on screen as well as allowing the cursor 
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to be positioned very quickly. However, they 
typically require two separate hand move¬ 
ments: the operator first moves the track 
ball and then hits a cursor-activation key. In 
contrast, a mouse provides cursor position¬ 
ing and activation without repositioning the 
hand. 

Since drawing with a stylus is natural, 
many digitizer tablets now support this input 
method too. The digitizer stylus operates 
like a mouse; the operator points to the 
digitizing pad and clicks a button on the sty¬ 
lus to start drawing. 

In addition to operating with the stylus, 
digitizing pads can be used with a ‘ ‘puck”—a 
mouse-like device with a set of cross hairs 
that can be placed over a specific point to 
be captured. The puck makes it easy to copy 
existing drawings or sketches into an elec¬ 
tronic format. 

Several digitizer manufacturers offer tem¬ 
plates for electronic engineering. These 
templates have standard electronic symbols, 
such as AND and OR gates, on the perimeter 
of the drawing area. By simply pointing to 
them, the user avoids having to draw the 
symbol each time it is needed. Software in¬ 
stalled with the digitizer is designed to sup¬ 
port the particular template; this also per¬ 
mits customization of templates in several 
cases. 

For a typical workstation environment, an 
engineer will want a digitizer that fits com¬ 
fortably on a desktop. For creating complex 
engineering drawings, there are digitizers as 
large as a drafting table, and ones that actu¬ 
ally include a table. 

THE BIG PICTURE. For workstation users, the 
monitor is the primary source of informa¬ 
tion. Since users spend a good part of the 
day in front of a screen, the monitor should 
provide a quality display that enhances their 
ability to work and will not harm them. Ob¬ 
viously, getting the most out of a monitor de¬ 
pends upon using an appropriate graphics 
adapter, as previously discussed. 

When given a screen’s diagonal as a 
specification, it is best to clarify what the 
manufacturer is actually defining. Not all the 
area of the CRT’s face is typically used for 
display since curvature can cause distortion. 
So on a tube that measures 20 in. on the di¬ 
agonal, the actual display area may be 19 in. 
diagonally. 

Since users should be able to view a 
screen comfortably from about 75 cen¬ 
timeters away, those who spend a lot of time 
working with it will want at least a 17-in. dis¬ 
play, and if they expect to display complex 
graphics and schematics they may insist on 
19-in. or larger screens. 

A more common way of capturing infor¬ 
mation today is on paper. For report gener¬ 
ation, only a simple black-on-white printer 
may be needed. A good-resolution printer 
can usually be found discounted for under 
$1000. Full-color printers can be an order of 
magnitude more expensive, and therefore it 
makes sense to set them up as a shared net¬ 
work resource. ♦ 


286, 386, & 486 Models 
800x600 Resolution, 256 Colors 
Two Serial Ports, One Parallel Port 
2-16 MB of RAM 


9" Trinitron Color Multi-Sync CRT 
2-4 16-Bit Expansion Slots 
40-200 MB Hard Disk Drives 
External VGA Monitor Port 


• 5.25" 1.2 MB & 3.5" 1.44 MB Diskette Drives 
All the power and features of a high resoiution, high powered desktop 
workstation are built into these true portabies. No other portable offers this 
combination of color, resolution, power, and expandabiiity. Ail built into the 
smailest, lightest CRT portable available today. 

Call Toll-Free 1-800-327-9962 For Further Information. 


Dealer/Distributor 
OEM/VAR 
Inquiries Invited 


!X Turnpike 
A 01803 

• FAX-(617) 272-3062 


WHAT'S THE DIFFERENCE BETWEEN 
JIMRATHOH AHD THE OTHER GUYS? 




THIIRS OUKS 

ABOUT 
(800 

SIC su 

And that’s just one example. We at Internal Sparcstation Drives 207MB.$ 1,075 

Marathon buy and sell new and used 6250/1600 B.P.1,1/2" Tape .$ 2,500 

Sun, Silicon Graphics, Apollo and IBM Sun SCSI Disk Drives 327x60 .$ 2,750 

workstations and accessories. We sell it Sun 3/60 FC-4.$ 3,150 

for a lot less than the “other guys" and 32 MB ECC Memory.$ 4,200 

we ship it fast. Nobody beats our prices. Sun 4/60 GX-8.$10,195 

Nobody beats our delivery time. Just Sun 4/280S-64-P14J.$30,135 

ask some of our regular customers: fnces in as. Dollars & do mi include shipping. Subject to availability. 

Fujitsu, Siemans, National Call us today. I^erience the Marathon difference! 

Semiconductor, McDonnell Douglas, roll (800) /83-73S4 Anywlim In ihn UJJi. 

Honeywell, and ERNO to name a few. 

We offer guarantees on all used EUEMffMrU^U 

equipment and, of course, ffIMlIfll llwIW 

manufacturer’s warranty on all new I klTTO III iT I Oil A I 

equipment We also offer lease IN ICKNAI lUNAL 

programs. Here are some current prices. Computer Sales & Leasing 

WorlduhdeHeadquarters: 16795lark Ave., Suite 107, Los Gatos, CA 95030 • (408) 395-7354 • Fax (408) 395-1480 
Boston Office: (617) 738-4543 • Fax (617) 731-1257 
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A GUIDE TO ENGINEERING WORKSTATIONS 


How ICs impact workstations 


Start with a wide choice of 
IC technologies, then break 
the rules for system 
architectures, and reap 
price/performance benefits 

Editor’s note: The following 
article describes the design 
process employed by a group 
of Hewlett-Packard work¬ 
station designers in creating 
a prototype for a high- 
performance, low-cost work¬ 
station, and how perfor¬ 
mance goals and design capabilities in¬ 
fluenced decisions about what types of ICs 
should be used. While the performance results 
presented for the prototype are exceptional, the 
purpose of this article is to explore the decision¬ 
making process. 



meet all these goals. Market researchers, 
as well as both internal and external cus¬ 
tomers, supplied inputs on what require¬ 
ments needed to be met in order to provide 
the best value at the customer application 
level. A diverse team of technical experts 
in such areas as very large-scale integration 
(VLSD design, system hardware design, 
compiler technology, operating systems, 
performance analysis, graphics subsystems, 
and manufacturing reviewed these inputs 
and defined the system architecture and 
technology requirements to optimally meet 
the performance, cost, and schedule goals. 

Together, these experts explored both 
traditional and nontraditional approaches to 
workstation architectures. A unified system- 
level design approach, which emphasizes 
rethinking the design of each component or 
subsystem in terms of the globk system 
needs and making appropriate tradeoffs be¬ 
tween the various pieces, was adopted. 

The design leverages many technical 
advances—in processor architecture, op¬ 
timizing compilers, manufacturing tech¬ 
niques, graphics—not just those in ICs. The 
chip-selection strategy was unique in that 
the team had the flexibility, resources, and 


In the recent design of a new family of ad¬ 
vanced workstations, a team of design en¬ 
gineers took on the task of moving an exist¬ 
ing architecture—the Precision-Archi¬ 
tecture, Reduced-Instruction-Set 
Computer (PA-RISC) design—into Closely coupled engineering made it possible to design an in- floating-point), 76 million instructions 
the realm of a low-cost desktop com- expensive desktop workstation with an extended RISC architec- per second (dhrystone 1.1), 22 corn- 


expertise to choose a combination of the 
best of all worlds: innovative full-custom de¬ 
signs for the components that define the 
machine’s critical attributes and set it apart 
from designs based on off-the-shelf compo¬ 
nents, standard logic ICs to implement in¬ 
dustry standard I/O functions, commodity 
chips for more cost-sensitive areas such as 
main memory and cache memory, and a va¬ 
riety of specialized application-specific ICs 
(ASICs), which combine numerous noncrit- 
ical functions to reduce area and cost. 
OVERVIEW. In the resulting architecture [Fig. 
1], the core PA-RISC processor consists of 
a central processing unit (CPU), a floating¬ 
point coprocessor, and separate data and in¬ 
struction caches. While designed to work as 
a single unit, the CPU is not a single IC. Con¬ 
trary to popular design trends, the cache 
memory is not incorporated into a CPU IC, 
but rather it is built from off-the-shelf static 
RAMs. The CPU and coprocessor are sep¬ 
arate ICs, rather than a single chip. Yet with 
these separate components designed into a 
tightly coupled processor, the system 
achieves the highest performance current¬ 
ly known for a RISC workstation; at a clock 
speed of 66 megahertz, it benchmarks at 72 
SPECmarks overall (51 integer, 91 


puter. The PA-RISC, in use since ture that yields extremely high performance. 

1986, was initially employed primar¬ 
ily for multiuser and commercial com¬ 
puting applications. The goal of this 
design effort (begun in 1989) was to 
make a PA-RISC implementation 
suitable for a high-performance 
single-user workstation that would 
provide exceptional application and 
graphics performance, yet would also 
provide continuity with existing sys¬ 
tems. 

The design team resolved that the 
system should support I/O expansion 
with an industry-standard bus, which 
would allow users to take advantage 
of widely available add-in cards and 
peripherals. This would also allow the 
design team to concentrate on other 
areas, where irmovation would pro¬ 
vide the highest return in terms of 
cost and performance. 

The team set about defining 
specifications for a system that would 
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piled, double-precision Unpack mil- 
lion floating-point operations per sec- 
|ond, and 34 single-precision 
_MFLOPS. This performance can be 
I attributed to a unified design ap- 
’’proach optimizing system timing, 
pipeline efficiency, cache memory 
size/speed, and bus structures, along 
with complementary advances in 
compiler optimization, system soft¬ 
ware, and instruction-set architecture 
extensions. 

Key to using the CPU for a work¬ 
station is the custom VLSI memory 
and I/O controller IC that provides 
the critical high-speed link between 
the CPU, memory, I/O, and graphics 
subsystems. In another departure 
from conventional workstation ar¬ 
chitecture, advanced graphics ac¬ 
celeration logic is designed directly 
into the core of the memory and I/O 
controller IC (and supported by spe¬ 
cial processor instructions as well). 
These features were defined jointly 
by a group consisting of VLSI, 
graphics-hardware, and graphics- 
algorithmZ-software designers— 





























Representative sample of ICs generally used in workstations 


Company | Product 

RISC microprocessors 

Available 
as of: 

Unit cost 
(1000 qty., 
U.S$) 

Key 

specifications 

Features and comments 

Advanced 

Micro 

Devices Inc. 

AM29050 

March 

1991 

$410 

40 MHz 

32 MIPS 
80MFLOPS 

Floating-point unit and IK-byte target cache on chip 

Cypress/Ross I 

Technoloov Inc. 

CY7C601 

1989 

$805 

(100s) 

40 MHz 

29 MIPS I 

Chip family includes floating-point unit, memory management unit, and 
cache static RAMs 
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Spare MMU architecture, 256K- 
pwssing 


ons, accelerates Windows 3.0 
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controller 

1991 


expansion 
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Texas 

Instruments Inc. 

TMS320-C30 

DSP 

1989 

$137 (27 
MHz) 

220 MOPS 
(40 MHz) 

Dual bus architecture for 3-D pipeline operations, 8K-byte RAM on chip 
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National Semi¬ 
conductor Corp. 

DS38883/4/5/ 

6, bus interface 

March 

1991 

$8-$11 

(100s) 

Controlled 

I rise times 

5-10 times bus speed improvement over discrete TTL, low capacitance 

Signetics Corp. 

74AB1XXX bus 
interlace logic 

1990 

$1.79- 

$8.53 

4.6-ns 
worst-case 
buffer/trans¬ 
ceiver delay 

Uses advanced BiCMOS (QUBiC) process, less than 50-mA static power 
dissipation, -f 64-mA/-32-mA output current drive 

Memory 






Hitachi America 

Ltd. 

HM624256 AJP- 
20 IM-bit static 

RAM 

1990 

$135 

20-ns access 
time 

0.87tm CMOS 

Toshiba America 
Inc. 

TC514100 AM- 
bit dynamic RAM 

1990 

$29 

60-ns ac¬ 
cess time 

300- and 350-mil SOJ packages 


another example of the benefits of a unified, 
system-level design approach. Together 
they contribute to reducing the cost of high- 
performance graphics workstations. More¬ 
over, along with the graphics software and 
add-in hardware, they allow the systems to 
dehver graphics benchmark performance of 
more than 1 million vectors per second, by 
far the highest in the industry for this class 
of machine. 

The classic RISC design philosophy em¬ 


bodies more than just the set of instructions 
that a machine runs. From the hardware de¬ 
sign perspective, it asserts that by keeping 
complexity to a minimum, a design can be 
made to run at higher speeds—thereby deliv¬ 
ering higher performance at a lower cost 
(and shorter design schedule). Clock speed 
is the most important design parameter that 
needs to be optimized in RISC designs in 
order to deliver balanced, high performance 
on all applications. Higher frequencies im¬ 


prove performance linearly on nearly all 
computationally bound applications, whereas 
added features generally only improve per¬ 
formance on a smaller class of problems. 

For the CPU design, the team set a goal 
of using a basic system clock with a frequen¬ 
cy greater than 50 MHz. To meet this fre¬ 
quency goal, most engineers would look to 
emitter-coupled logic or gallium arsenide 
technology. But while these technologies 
could meet speed requirements without 


Homing, Forsyth, Yetter, and Thayer—How ICs impact workstations 


61 


























































A GUIDE TO ENGINEERING WORKSTATIONS 


How ICs impact workstations 


Start with a wide 
IC technologies, th 
the rules for systei 
architectures, and 
price/performance 

Editor’s note 
article descn 
process emplt 
of Hewlett-l 
station desigt 
a prototype 
performance, 
station, ant 
mance goals and design ct 
fluenced decisions about wht 
should be used. While the perfo 
presented for the prototype are e 
purpose of this article is to explo 
making process. 




BUSINESS REPLY MAIL 

FIRST CLASS MAIL PERMIT NO. 885, PITTSFIELD, MA 

POSTAGE WILL BE PAID BY ADDRESSEE 


SPECTRUM 

READER SERVICE MANAGEMENT DEPT. 
PC BOX 5149 

PITTSFIELD, MA 01203-9740 


NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 


In the recent design of a nev 
vanced workstations, a team 
gineers took on the task of m( 
ing architecture—the Pre 
tecture, Reduced-Instructi 
Computer (PA-RISC) desig 
the realm of a low-cost desktop com¬ 
puter. The PA-RISC, in use since 
1986, was initially employed primar¬ 
ily for multiuser and commercial com¬ 
puting applications. The goal of this 
design effort (begun in 1989) was to 
make a PA-RISC implementation 
suitable for a high-performance 
single-user workstation that would 
provide exceptional apphcation and 
graphics performance, yet would also 
provide continuity with existing sys¬ 
tems. 

The design team resolved that the 
system should support I/O expansion 
with an industry-standard bus, which 
would allow users to take advantage 
of widely available add-in cards and 
peripherals. This would also allow the 
design team to concentrate on other 
areas, where innovation would pro¬ 
vide the highest return in terms of 
cost and performance. 

The team set about defining 
specifications for a system that would 
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expensive desktop ivorkstal^um with an extended RISC architec- per second (dhrystone 1.1), 22 com- 
ture that yields extremely high performance. piled, double-precision Linpack mil- 

■ ° lion floating-point operations per sec- 
llond, and 34 single-precision 
||mFLOPS. This performance can be 
"attributed to a unified design ap- 
'‘proach optimizing system timing, 
pipeline efficiency, cache memory 
size/speed, and bus structures, along 
with complementary advances in 
compiler optimization, system soft¬ 
ware, and instruction-set architecture 
extensions. 

Key to using the CPU for a work¬ 
station is the custom VLSI memory 
and I/O controller IC that provides 
the critical high-speed link between 
the CPU, memory, I/O, and graphics 
subsystems. In another departure 
from conventional workstation ar¬ 
chitecture, advanced graphics ac¬ 
celeration logic is designed directly 
into the core of the memory and I/O 
controller IC (and supported by spe¬ 
cial processor instructions as well). 
These features were defined jointly 
by a group consisting of VLSI, 
graphics-hardware, and graphics- 
algorithmZ-software designers— 
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Representative sample of ICs generally used in workstations 


Company | Product 

RISC microprocessors 

Available 
as of: 

Unit cost 
(1000 qty., 
U,S$) 

Key 

specifications 

Features and comments 

Advanced 

Micro 

Devices Inc. 

AM29050 

March 

1991 

$410 

40 MHz 

32 MIPS 

80 MFLOPS 

Floating-point unit and IK-byte target cache on chip 

Cypress/Ross 
Technology Inc. 

CY7C601 

1989 

$805 

(100s) 

40 MHz 

29 MIPS 

Chip family includes floating-point unit, memory management unit, and 
cache static RAMs 

Fujitsu Micro¬ 
electronics Inc. 

MB86903 

March 

1991 

$350 

40 MHz 

29 MIPS 

5 MFLOPS 

On-chip floating-point unit, 136 registers organized as 8 windows, 
peripherals available 

Integrated 

Device 

Technology Inc. 

79R3000A 

1990 

$275 

(100s) 

40 MHz 

33 MIPS 

11 MFLOPS 

MIPS architecture, plastic package available 

Intel Corp. 

i860 

1989 

$567 

40 MHz 

57.5 MIPS 

10 MFLOPS 

On-chip floating-point unit, includes facilities for visualization and ren¬ 
dering 

Motorola Inc. 

88100 

1988 

$150 

33 MHz 

28 MIPS 

5.4 MFLOPS 

Integer, floating-point, and memory management units and cache con¬ 
troller on chip, built-in multiprocessor support 

Performance 

Semiconductor 

PIMM 

March 

1991 

$1300 

40 MHz 

33 MIPS 

Single VLSI package contains 32-bit MIPS Computer Systems CPU, 
floating-point accelerator, 32K-byle instruction and data caches, and 1/0 

VLSI 

Technology Inc. 

VL86C020 

1989 

$100 

25 MHz 

On-chip 4K-byte cache; CMOS for low power 

CPU peripherals 






AT&T 

Microelectronics 

V.32 modem 
chip set 

March 

1991 

$70/3- 
chip set 

9600 b/s, 
low power 

Small footprint, for on-board modems in laptop workstations 

Dallas 

Semiconductor 

Corp. 

DS1387 real¬ 
time clock with 
RAM 

1990 

$13.79 

4K-byte NV 
SRAM on 
chip 

Keeps time tor more than 10 years without external power, both memory 
and calendar functions 

LSI Logic Corp. 

L64811 Sparc 
integer unit 

1990 

$250 

(100s) 

40 MHz 

29 MIPS 

Executes most instructions in one cycle, 0.7-;im, 2-layer metal CMOS 
technology 

Cypress/Ross 
Technology Inc. 

CY7C605 cache 
controller/MMU 

March 

1991 

N.A. 

N.A. 

Supports multiprocessing, conforms to Sparc MMU architecture, 256K- 
byte virtual cache, 64G-byte physical addressing 

Graphics 





■ 

Chips & Tech¬ 
nologies Inc. 

PUMA 

March 

1991 

$90 

N.A. 

Two-chip set for complex graphics functions, accelerates Windows 3.0 
graphics applications and AutoCAD 

NCR Corp. 

77C22E display 
controller 

March 

1991 

$29 

Color 

expansion 

Motherboard interface for fast operation 

Texas 

Instruments Inc. 

TMS320-C30 

DSP 

1989 

$137 (27 

MHz) 

220 MOPS 
(40 MHz) 

Dual bus architecture for 3-D pipeline operations, 8K-byte RAM on chip 
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National Semi¬ 
conductor Corp. 

DS38883/4/5/ 

6, bus interface 

March 

1991 

$8-$11 

(100s) 

Controlled 
rise times 

5-10 times bus speed improvement over discrete TTL, low capacitance 

Signetics Corp. 

74ABTXXX bus 
interface logic 

1990 

$1.79- 

$8.53 

4.6-ns 
worst-case 
buffer/trans¬ 
ceiver delay 

Uses advanced BiCMOS (QUBiC) process, less than 50-mA static power 
dissipation, -i-64-mA/-32-mA output current drive 

Memory 






Hitachi America 

Ud. 

HM624256 AJP- 
i 20 IM-bit static 

RAM 

1990 

$135 

20-ns access 
time 

0.8-Mm CMOS 

Toshiba America 
Inc. 

TC514100 AM- 
bit dynamic RAM 

1990 

$29 

60-ns ac¬ 
cess time 

300- and 350-mil SOJ packages 


another example of the benefits of a unified, 
system-level design approach. Together 
they contribute to reducing the cost of high- 
peiiformance graphics workstations. More¬ 
over, along with the graphics software and 
add-in hardware, they allow the systems to 
deliver graphics benchmark performance of 
more than 1 million vectors per second, by 
far the highest in the industry for this class 
of machine. 

The classic RISC design philosophy em¬ 


bodies more than just the set of instructions 
that a machine runs. From the hardware de¬ 
sign perspective, it asserts that by keeping 
complexity to a minimum, a design can be 
made to run at higher speeds—thereby deliv¬ 
ering higher performance at a lower cost 
(and shorter design schedule). Clock speed 
is the most important design parameter that 
needs to be optimized in RISC designs in 
order to deliver balanced, high performance 
on all applications. Higher frequencies im¬ 


prove performance linearly on nearly all 
computationally bound applications, whereas 
added features generally only improve per¬ 
formance on a smaller class of problems. 

For the CPU design, the team set a goal 
of using a basic system clock with a frequen¬ 
cy greater than 50 MHz. To meet this fre¬ 
quency goal, most engineers would look to 
emitter-coupled logic or gallium arsenide 
technology. But while these technologies 
could meet speed requirements without 
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[1] The workstation 
under discussion can be 
divided into four sys¬ 
tems: PA-RISC proces¬ 
sor, memory, built-in 
I/O, and graphics. Its 
high performance is due 
both to the nontradition- 
al, segmented design of 
the processor and to the 
system communication 
hub—the memory-I/0 
interface. 



much effort, they are expensive, require a 
lot of power, and generate much heat, there¬ 
by increasing a workstation’s cost. So, with 
the support of process engineering, the 
designers worked out CPU timing require¬ 
ments in low-power CMOS technology, thus 
avoiding such penalties. 

THE PROCESSOR ARCHITECTURE. In the design 
of the processor, the group faced some in¬ 
teresting choices. A key challenge for the 
RISC processor designers, with the variety 
of high-performance design techniques avail¬ 
able, is in optimally matching the most ap¬ 
propriate technique with available fabrica¬ 
tion technologies to best meet system 
performance and cost requirements. The 
team determined that a single-chip-pro¬ 
cessor implementation fabricated in today’s 
production 0.8-to-1.0-tnicrometer technolo¬ 
gies could not meet the aggressive perfor¬ 
mance requirements of this system. It would 
limit the maximum size of cache memories 
excessively and would offer limited silicon 
area for other functions such as multiple 64- 
bit floating-point functional units. Further¬ 
more, the resulting complexity, die size, and 
density of the single-chip design would be 
inconsistent with schedule and manufactura¬ 
bility goals. They also limit flexibility of sys¬ 
tem designers to configure for operations at 
different cost and performance levels. The 
design team also determined that a lower- 
density, multichip design would lend itself 
to being able to quickly take advantage of fu¬ 
ture VLSI and static RAM evolution. 

High levels of performance can also be 
achieved using separate ICs for the major 
CPU elements if the architecture is well 
thought out and its timing is well controlled. 
Conventional design philosophy today says 
that high clock frequencies can be achieved 
only with on-chip cache techniques—a the¬ 
ory proven untrue by the results of the de¬ 
sign effort. Furthermore, as system perfor¬ 
mance levels increase, so does the size of 
typical customer applications. While single¬ 
chip designs can deliver impressive ratings 
on small benchmarks, the design team be¬ 
lieved that typical applications on 50-MIPS- 
plus workstations would require much more 
muscle, particularly in terms of larger cache 
memory sizes, to be able to sustain the high 


performance in real user environments. 

The PA-RISC processor is based on the 
use of two custom CMOS VLSI ICs. One is 
a 577 000-transistor integer unit built using 
an in-house, 1.0-/un-line-width process. The 
other is a 640 000-transistor floating-point 
coprocessor fabricated in an 0.8-/tm process; 
this chip was designed jointly with Texas In¬ 
struments and produced using its EPIC-2 
CMOS technology. Each chip is housed in 
a custom ceramic pin-grid-array package that 
was carefully designed to support both high- 
frequency operation and high signal-pin 
counts. With these packages the chips can 
operate at clock speeds of 66 MHz with up 
to 225 simultaneously switching output 
drivers (on the CPU chip)—an environment 
where, with convention^ design techniques, 
a system would be unreliable owing to ex¬ 
cessive noise. 

CENTRAL CONTROL. The CPU chip performs 
all processor functions except for floating- 
point-instruction execution and cache stor¬ 
age. This includes integer instruction pro¬ 
cessing, virtual memory management, 
cache control and interfacing, and managing 
the system and coprocessor interface buses. 
As part of this responsiblity, it takes charge 
of system timing. A 2X frequency- 
differential ECL-level synchronizing signal 
is sent to the CPU clock circuits. This on- 
chip clock generator not only provides the 
internal clock signals the CPU needs, but 
generates drive and latch clocks for the 
cache interfaces on the CPU and floating¬ 
point coprocessor, as well as signals to syn¬ 
chronize the coprocessor’s on-chip clock 
generator. 

The CPU’s printed-circuit board was 
designed to permit this kind of control. 
Printed-circuit delay lines on the pc board 
allow the system to be optimized for differ¬ 
ent static RAM (SRAM) capabilities—either 
less-expensive, lower-performance devices 
or the newest high-speed parts. At 66 MHz, 
the system operates with off-the-shelf 
SRAMs whose access time is 12 nanosec¬ 
onds. The SRAMs were determined to be 
a critical part in achieving the team’s per¬ 
formance goals. 

The CPU communicates with the instruc¬ 
tion cache (I-cache) and data cache (D- 


cache) using separate address, data, and tag 
buses. The I-cache can range in size from 
4K to IM byte, while the D-cache ranges 
from 4K to 2M byte. For the I-cache, there 
is an 18-bit address bus; the data bus is 32 
bits wide rvith a separate 20-bit tag bus. For 
the D-cache, there is an 18-bit address bus 
and a 64-bit data bus with a 22-bit tag bus. 
At 66 MHz, the I-cache data bus has a trans¬ 
fer rate of264 megabytes per second, while 
the D-cache data bus’s rate is 528 Mbytes/s. 
Again, to achieve this kind of performance 
required careful attention to bus layout on 
the pc board. 

For executing integer arithmetic opera¬ 
tions, the processor employs a five-stage 
pipeline. The key to fast operation is in op¬ 
timally partitioning the operations that take 
place in each pipeline stage, increasing pipe¬ 
line efficiency by minimizing stall conditions, 
and designing the pipeline clocking to allow 
high-frequency operation with external 
cache memory arrays. Also, the pipeline de¬ 
sign takes advantage of compiler technolo¬ 
gy in which the compiler schedules events 
to avoid timing penalties. A branch- 
prediction algorithm is implemented on chip 
to eliminate many of the pipeline stalls that 
would normally result from executing con¬ 
ditional branch instructions. The clocking 
scheme and the pipeline partioning itself 
were designed to give the maximum amount 
of time to the off-chip I-cache and D-cache 
reads. All internal timing paths exceed the 
capabilities of current SRAMs. 

The processor has separate internal buses 
and translation look-aside buffers (TLBs) to 
avoid timing penalties caused by simultane¬ 
ous accesses to I- and D-caches. The buffers 
are used for translating virtual addresses to 
physical addresses. The TLBs are designed 
to minimize the miss rate (when information 
needed is not already in cache) and the as¬ 
sociated timing penalties in a variety of ways. 
For example, the TLB provides four entries 
for variable-size blocks that can cover large 
memory areas—up to 16M bytes. These 
help reduce the miss rate by permanently 
mapping large areas of the operating system 
and graphics frame buffer. Further, the 
TLBs use a fully associative organization of 
96 page translations each—a relatively 
powerful design for reducing TLB miss 
rates. Penalties resulting from TLB misses 
are reduced by implementing a set of shad¬ 
ow registers that automatically make back¬ 
up copies of general registers. 

The CPU and floating-point coprocessor 
were also designed to speed graphics oper¬ 
ations. They support new instructions, 
among them clip-test integer multiply, in¬ 
verse square roots, and pipeline I/O 
writes—all of which are important to high- 
performance graphics library routines. The 
high-speed execution of the standard integer 
and floating-point instruction set also assist 
in achieving graphics goals. 

The coprocessor uses the same data and 
address buses as the CPU to communicate 
with the caches. With a 64-bit wide data bus. 
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Give the AI&T DSP^* Parallel Proces¬ 
sor your toughest tasfa—image pro¬ 
cessing and object recognition, 


With 1 gigatlop per cubic foot, it delivers 
the enormous power and density you 
need to implement your algorithms 
in a variety of tactical hardware. 


beamforming, neural networking, 
speech recognition, synthetic aper¬ 
ture radar—and it’ll handle the prob¬ 
lem with speed and ease. 

The DSP 3 delivers 1 gigaflop per 
cubic foot of active area (up to 3-2 
gigaflops in a single array). With an 
advanced package that gives you 800 
megaflops in only 9 cubic inches. 

Speed? 40 megabytes/second 
on each of four channels for an 
aggregate bandwidth of up to 160 
megabytes/second. 

Capacity is also maximized. Using a 


25 megaflop processing engine, the 
DSP 3 can handle multi-gigaflop com¬ 
putational loads in a network configu¬ 
ration of over 100 
processors. The 
DSP 3 also gives 
you extreme 
flexibility: it can 
be populated 
with one to 
eight boards, each with 16 
processing nodes, providing 
400 megaflops of power and four 
megabytes of memory 
AT&T’s DSP 3 gives you access to 
high-level language software such as a 
C compiler and a wide library of sig¬ 
nal processing subroutines. And it 
leads the industry in price per 
megaflop. Plus, of course, you get the 
unparalleled support and service of 
AT&T Bell Laboratories and AT&T Field 
implications Engineers. 


powerful processing with the density 
you need, look to the AT&T DSP 3 . It 
can cut your algorithm problems 
down to size. For more information, 
call your 
AT&T 
Federal 
Systems 
Account 
Execu- 


We’ve got solutions 
down to a science. 


tive,or 1800 553-8805. (N.C. residents, 
call collect: 919 697-9580.) 

•Develc^)ed in part under aDARftsponsored contraa. 
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Integer unit: full-custom, 
VLSI CMOS 

Source: Hewlett-Packard Co. 


Floating-point coprocessor: 
full-custom, very large-scale 
integration (VLSI) CMOS added to 
Texas Instruments Inc. megacells 


Main-memory arrays: 
standard, 1M-bit-by-4, 
80-ns dynamic RAM 
Source: Multiple suppliers 



[2] The main printed-circuit board in the system mixes custom and off-the-shelf ICs. 


it reads double-precision operands (or pairs 
of single-precision operands) from cache in 
a single clock cycle. Internally, the chip’s 
data path and registers are all 64 bits wide. 
Portions of the integer unit’s instruction- 
decode and pipeline-control circuitry have 
been duplicated on the coprocessor so that 
it can use instructions directly as they come 
from the I-cache. 

Key to the exceptionally high floating¬ 
point performance are independent 64-bit 
floating-point functional units on the copro¬ 
cessor chip. These include a multiply/di¬ 
vide/square-root unit and an add/subtract 
unit. These units are fed by a 32-by-64-bit 
register file, connected with eight separate 
64-bit ports (five read and three write ports), 
to allow a high degree of independent par¬ 
allel operation within the functional units. 
The PA-RISC instruction set has also been 
extended to include multiple-operation 
floating-point instructions. These combine 
a multiply operation with an independent add 
or subtract operation and complete the two 
in the same amount of time that a single 
operation would usually take—thereby dou¬ 
bling throughput in some situations. 
CUSTOM VLSI HUB. The memory-I/0 interface 
controller is a custom VLSI chip designed 
to meet three major performance objec¬ 
tives: optimize CPU servicing by main mem¬ 


ory in the event of cache misses, perform 
memory arbitration among various I/O 
devices, and improve graphics performance. 
To fulfill these objectives, the chip is the hub 
of the system’s three major data/address 
paths: the main-memory system bus, the 
CPU interface bus, and the System Connec¬ 
tion to the I/O subsystems. The chip is 
produced in the same l-/im process used to 
make the CPU chip, but is somewhat smaller 
at 185 000 transistors. 

In addition to the memory-I/0 controller, 
the main-memory system comprises an ad¬ 
dress buffer/controller, a data latch/mul¬ 
tiplexer, and dynamic RAMs (DRAMs). The 
memory-I/0 VLSI chip has error-detection 
and -correction (EDC) circuitry that corrects 
all single-bit errors and detects all multiple- 
bit errors. 

The CPU communicates with the memo¬ 
ry I/O controller through a private 66-MHz 
32-bit bus that runs synchronously. 

The memory-I/0 controller was designed 
to work with 256K-by-4-, lM-by-4-, or 4M- 
by-4-bit DRAMs. The timing and polarity of 
the control signals can be programmed at 
boot-up time. This allows different speeds 
of DRAMs and different loading (number of 
arrays) to be optimized. With 80-ns DRAMs, 
the memory system will fire first data back 
to the CPU 115 ns after the address has been 


received from the CPU. Subsequent data will 
be supplied at every 66-MHz clock edge. 

The memory controller is optimized to 
service cache misses to the CPU. The cache 
line size is 32 bytes, and so the memory con¬ 
troller will provide the highest bandwidth 
when 32-byte blocks are accessed. The 
memory-I/0 controller does support access¬ 
es as small as a single byte. High bandwidth 
can still be provided for smaller accesses be¬ 
cause both reads and writes are buffered in 
32-byte buffers. 

Each bank of memory contains 36 DRAM 
chips (with a bus width of 128 bits of data 
and 16 bits of EDC). These banks are split 
into two memory array boards with 72-bit¬ 
wide buses. This means that the initial ac¬ 
cess to the bank returns four 32-bit words 
of data. TTL latching buffers are used to 
multiplex the 144 bits of data down to 72 bits 
that go into the memory controller. Simple 
deduction shows that to keep up with the 66- 
MHz, 32-bit bus, the TTL latches must be 
switched at 33 MHz and that the second set 
of data must be available from the memory 
bank at 16.5 MHz (60 ns). The fast-page- 
mode feature of the DRAMs is used to give 
this lower access time. 

As noted, both the memory-I/0 controller 
and the CPU have been designed to aid in 
graphics functions. While it is possible for 
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those systems to take over graphics perfor¬ 
mance completely, adding graphics sub¬ 
systems via Ae System Connection can pro¬ 
vide very high-quality graphics. For 
example, an external vector generator with 
dual buffers to prevent screen flicker can be 
implemented inexpensively with dedicated 
hardware. Such a graphics accelerator can 
produce over 1 million vectors per second, 
thus creating a 25 000-vector display in less 
than 1/30 of a second. This rate is more than 
acceptable for two-dimensional renderings 
and three-dimensional wireframes. For 3-D 
solids, the CPU can generate pixels at a rate 
of over 17 million pixels per second. 

For even higher performance, graphics 
boards with geometry coprocessors and 
scan-conversion chips can be added. The 
System Connection, which has a peak band¬ 
width of 132 Mbytes/s, is fast enough to sup¬ 
ply such a board with over 500 000 polygons 
per second. Further, it is also more than 
sufficient for handling X protocols and video 
displays. 

1/0 BUILT-IN. Besides graphics, the most 
common I/O functions required are commu¬ 
nication, disk storage, and printing. While 
the interfaces needed to support these func¬ 
tions can be provided by separate add-in 
boards purchased by the user, this places a 
burden on communications and slows oper¬ 
ation. Therefore it was decided to put the 
most common functions on a single board, 
which would not only keep system perfor¬ 
mance high, but actually lower the user’s 
system cost. 

Building the local-area network (LAN), 
Small Computer Systems Interface (SCSI), 
and parallel ports into the system allows 
them to directly access memory with very 
low latency. The logic that controls the in¬ 
terface between these functions and the sys¬ 
tem connection was implemented in a 
15 000-gate CMOS ASIC. 

EISA’S NICE. While it makes sense to incor¬ 
porate commonly needed facilities on a dedi¬ 
cated workstation card, individual users may 
wish to add special functions to their sys¬ 
tems. Since there is a wide variety of cards 
that work with 80X86-based personal com¬ 
puters, having an EISA bus in a system will 
allow the user to make use of them. Further, 
an EISA bus allows the user to add a 80X86- 
based board, thereby gaining the ability to 
run DOS applications along with the Unix 
applications that run on the RISC host. 

To provide such capability, the team decid¬ 
ed to create a converter that would let the 
system connection communicate with an 
EISA bus. Basically, the converter acts as 
a protocol translator. 

There were two major points that had to 
be addressed in creating the converter: byte 
order and memory address space. The byte 
order problem occurs because the PA-RISC 
architecture stores the most significant byte 
of a word in the lowest numerical memory 
address, while the 80X86 architecture puts 
the least significant byte in that space. 
(Continued on p. 68) 
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porting of in-house-developed codes and in¬ 
terfaces to corporate systems as needed. 
The user interface will be enhanced through 
customkation. The capacity to create icons, 
standard menus, selection options, and spe¬ 
cial application screens will eliminate 
computer-related frustrations frequently ex¬ 
perienced by users. 

The migration plan dictates that the elec¬ 
tronic design workstation be an integral 
member of the overall enviromnent. Capa¬ 
bilities such as Ethernet are fundamental 
elements. Concepts such as resource allo¬ 
cation, the sharing of expensive peripher¬ 
als, and the ability to support a transitional 
envirormient and the migration of software 
applications are requirements. Local file 
servers and dedicated disk drives will sup¬ 
port the requirements to store the applica¬ 
tion software and archive the CAD data¬ 
bases. Site software licenses will allow the 
interchangeable use of a variety of engineer¬ 
ing applications on unrestricted workstation 
nodes across the network. Other issues 
such as unattended backups, security, and 
job accounting will be administrative facili¬ 
ties supported by a standard operating 
system. 

Grumman’s electronic design environ¬ 
ment element of CIE will host a dedicated 
core of tools and capabilities that will accom¬ 
plish the vast majority of electronic design 
tasks. The savings will be substantial and will 
come in varied forms: elimination of redun¬ 
dant systems, reduced maintenance ex¬ 
pense, reduced training budgets, shortehed 
learning curve, improved schedules, in¬ 
creased user proficiency, improved skill mix, 
superior quality, and so on. 

THE FUTURE. The goal of the migration plan 
is to achieve a fully automated, data-driven 
environment where information is shared by 
all disciplines. However, to succeed at 
Grumman, it must be augmented by those 
principles inherent in what is being called 
concurrent engineering. Recent events in 
the Persian Gulf underscore the demanding 
degree of technology required to produce 
and to support today’s weapons systems. To 
meet this challenge the proper design/de¬ 
velopment environment must be com¬ 
plemented by a change in the way engineers 
work—to concurrent engineering, or, as 
Grumman calls it, task-teaming. 

In the past, the CAE/CAD/CAM process 
was somewhat serial in nature, one dis¬ 
cipline handing off to the next as the task was 
finished. Today, a “shotgun” start is re¬ 
quired to turn on all disciplines on a project 
simultaneously. The result of that start is 
task teaming, and the capability it provides 
is up-front design iteration by all disciplines 
involved in the realization of the product: 
thermal analysis, reliability, packaging, 
manufacturing, and so on, will all influence 


the product as the design process proceeds. 
Task teaming facilitates design changes 
when they are most manageable and easy 
to make. The result is product optimiza¬ 
tion-quality products manufactured with 
fewer errors in shorter time and at a lower 
cost. 

A test case of CIE, now in progress, is the 
full electronic mockup of an avionics-system 
upgrade to an existing vehicle, the EA6B. 
The task is to develop aircraft wiring har¬ 
nesses by using electronic design data and 
the vehicle’s solid CAD model. Doing this 
will shorten product development time by 
about three months. It will also eliminate the 
need for an expensive hardware mockup to 
facilitate harness routing and speed up har¬ 
ness fabrication. Furthermore, fashioning 
such a hard mockup is fraught with an inor¬ 
dinate number of manual procedures, mak¬ 
ing the final product costly and subject to 
many errors. 

The wiring harness solution will embody 
the full workstation environment and the 
task-teaming concept. The uniqueness of 
the process is the linking of electronic CAD 
design data with the structural CAD solid 
model. The engineers will be able to graphi¬ 
cally route the harness and automatically de¬ 
termine cable diameters, wire lengths, 
clamp sizes, cable weights, applicable 
mounting hardware, quantities, and so on, 
and then transfer the appropriate data to the 
corporate parts list system. 
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To probe further 


Ergonomics and workplace design 

The IEEE’s position on emissions from 
workstations is given in Biological Effects 
of Electric and Magnetic Fields from Video 
Display Terminals, An Entity Position 
Statement, published on Aug. 13,1990, by 
the United States Activities Board. The 
position paper not only explains the cur¬ 
rent state of research but also contains an 
excellent bibliography of recent guides 
and papers on scientific studies conduct¬ 
ed in this area. It is available from the 
IEEE-United States Activities Office, 
1828 L St., N.W., Suite 1202, Washington, 
D.C. 20036-5104; 202-785-0017. 

With regard to extremely low-fre¬ 
quency effects, a scientific examination 
of the topic can be found in Extremely Low 
Frequency Electromagnetic Fields: The 
Question of Cancer, edited by B. W. Wil¬ 
son et al. (Battelle Press, Columbus, 
Ohio, 1990). New developments in this 
area are highlighted in VDT NEWS, The 
VDTHealth and Safety Report, a bimonth¬ 
ly newsletter published by Louis Slesin, 
Box 1799, Grand Central Station, New 
York, N.Y. 10163. 

Advice on setting up a workstation en¬ 
vironment is given in a report entitled Im¬ 
proving VDT Work: Causes and Control 
of Health Concerns in VDT Use, by Steven 
L. Sauter et al., Department of Preven¬ 
tive Medicine, University of Wisconsin, 
1985. It discusses the major sources of 
eye and muscle strain and describes er¬ 
gonomic factors in setting up a workplace. 
Its appendices contain checklists for chair 
and table requirements, as well as recom¬ 
mended exercises for relieving and 
preventing fatigue. It is published by the 
Report Store, 123 West 8th St., Suite 210, 
Lawrence, Kan. 66044, or telephone 
913-842-7348. 

Considerations for area lighting are 
reviewed in Solving the Puzzle of VDT 
Viewing Problems, a 1987 publication of 
the National Lighting Bureau, Washing¬ 
ton, D.C. Theoretical as well as practical 


information and standards for ergonomic 
design are provided in Video Displays, 
Work, and Vision by the National Re¬ 
search Council’s Panel on the Impact of 
Video Viewing on Vision and Workers, Na¬ 
tional Academy Press, Washington, D.C., 
1983. 

Information from several of the above 
sources formed the basis for workplace 
layouts and physical dimensions present¬ 
ed in this guide. 

Technical information on workstations 

An excellent book on the architectures of 
modem computer systems, including work¬ 
stations, is Computational Structures, by S. 
Ward and R. Halstead Jr. (MIT Press and 
McGraw-Hill Book Co., 1990). The text looks 
at computers from a system level, explain¬ 
ing the influence of software on hardware 
structures; it covers all major modem archi¬ 
tectures, including reduced-instmction-set 
computers, and architectural subsystems. 

Both IEEE Computer and IEEE Micro 
magazines regularly feature articles on sys¬ 
tem architectures, components, and im¬ 
plementation methods. 

The Computer Society Conference has 
become a focal point for discussions of the 
newest workstation architectures. At this 
year’s Compcon in San Francisco, Feb. 25- 
March 1, attendees heard a number of 
papers on the Hewlett-Packard workstation 
design discussed in the article that starts on 
p. 58. For information on future conferences 
and on obtaining copies of the proceedings, 
contact the IEEE Computer Society, 1730 
Massachusetts Ave., N.W., Washington, 
D.C. 20036-1903, or call 202-371-1013. 

The ACM/IEEE Design Automation Con¬ 
ference, while focusing on software, also 
shows attendees the hardware they will 
need for electrical engineering design. This 
year, the conference will be held June 16- 
20 in San Francisco. For information, write 
or call MP Associates Inc., 7490 Clubhouse 
Rd., Suite 102, Boulder, Colo. 80301; 
303-530-4333. ♦ 
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Therefore, at the interface between the two 
worlds, the data lines are wired to swap 
bytes into the right order. 

However, if control data needs to be writ¬ 
ten into the registers of EISA cards from the 
RISC side of the system, the interface would 
erroneously swap the bytes. To correct for 
this situation, the RISC CPU swaps the 
order of all multibyte control words before 
sending them to the EISA registers. 

For the two halves of the system to work 
cooperatively, the memory address spaces 
of the two buses have to converge. From the 
RISC side, all of EISA’s 64K-byte I/O ad¬ 
dress space is mapped into part of the PA- 
RISC address space. A fixed portion of the 
EISA memory space is also mapped into the 
PA-RISC space. 

EISA cards, though, may need access to 
the RISC main memory so that they can 
download data using DMA to a destination 
buffer. Such a scheme means that data need 
not be copied to memory twice, which would 
effectively decrease bus throughput. To pro¬ 
vide this kind of access, addresses gener¬ 
ated by an EISA direct-memory-access card 
that fall into a specified range of the EISA 
memory address space actually address a 
SRAM on the bus converter. This RAM’s 
output replaces the upper 20 bits of the 


EISA address memory with a page number 
in the RISC system’s main memory. 
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Jose, CA 95134, 408-434-6644 circle no. 283, p. 46 
Star Technologies Inc., 515 Shaw Rd., Sterling, VA 22170, 
703-689-4400 circle no. 284, p. 46 

Stardent Computer Inc., 6 New England Tech Center, 521 
Virginia Rd., Concord, MA 01742, 508-287-0100 

circle no. 285, p. 46 
Sun Microsystems Inc., 2550 Garcia Ave., Mountain View, 
CA 94043, 800-USA-4SUN circle no. 286, p. 46 
Tangent Computer Inc., 197 Airport Blvd.. Burlingame. CA 
94010, 800-223-6677 circle no. 287, p. 46 

Tatung Science & Technology Inc., 2060 Ringwood Ave., 
San Jose, CA 95131,800-659-5902 

circle no. 288, p. 46 
ToleCAD, 1615Alvarado St., San Leandro, CA94577, 800- 
622-8622 circle no. 289, p. 46 

Televideo Systems Inc., 550 East Brokaw Rd., San Jose, 
CA 95161-9048, 408-954-8333 circle no. 290, p. 46 
Twinhead International Corp., 1537 Centre Pointe Dr., Mil¬ 
pitas, CA 95035, 408-945-0808 circle no. 291, p. 46 
Visual Information Technologies Inc., 3460 Lotus Dr., Plano, 
TX 75075, 214-596-5600 circle no. 292, p. 46 

Wyse Technology Inc., 3471 N. First St.. San Jose. CA 
95134-1803, 800-GET-WYSE circle no. 293, p. 46 


WORKSTATION BOARDS AND PERIPHERALS 


Acer/Altos, 401 Charcot Ave., San Jose, CA 95131, 800- 
SEE-ACER circle no. 294, p. 53 

Alacron Inc., 71 Spit Brook Rd., #204, Nashua, NH 03060, 
603-891-2750 circle no. 295, p. 53 

Alloy Computer Products Inc., 165 Forest St., Marlboro, 
MA 01752, 800-544-7551 circle no. 296, p. 55 


Altek Corp., 12210 Plum Orchard Dr., Silver Spring, MD 
20904, 301-572-2555 circle no. 297, p. 55 

Antares Microsystems Inc., 2672 Bayshore Parkway, #705, 
Mountain View, CA 94043, 415-965-4326 

circle no. 298, p. 53 
ATI Technologies Inc., 3761 Victoria Park Ave., Scar¬ 
borough, Ont., Canada M1W3S2, 416-756-0718 

circle no. 299, p. 53 
Avalon Computer Systems Inc., 510 Castillo St.. Santa Bar¬ 
bara, CA 93101, 805-965-9559 circle no. 300, p, 53 
CalComp Inc., 2411 West La Palma Ave., Anaheim, CA 
92801, 800-CALC0MP circle no. 301, p. 56 

Cardinal Technologies Inc., 1827 Freedom Rd., Lancaster, 
PA 17601, 800-722-0094 circle no. 302, p. 53 

Computer System Architects, 950 N. University Ave., 
Provo, UT 84604, 801-374-2300 circle no. 303, p. 53 
Conner Peripherals Inc., 3081 Zanker Rd,, San Jose, CA 
95134-2128, 408-456-4500 circle no. 304, p. 54 
Dataram Corp., Box7528, Princeton, NJ 08543,609-799- 
0071 circle ne. 305, p. 54 

Emerald Systems Corp., 12230 World Trade Center, San 
Diego, CA 92128, 619-673-2161 circle no. 306, p. 55 
Folsom Research Inc., 506 East Bidwell St., Folsom, CA 
95630-3119, 916-983-1500 circle no. 307, p. 56 
Fujitsu America Inc., 3055 Orchard Dr., San Jose, CA 
95134, 800-626-4686 circle no. 308, p. 56 

GTCO Corp., 7125 Riverwood Dr., Columbia, MD 21046, 
301-381-6688 circle no. 309, p. 55 

Hollos Systems, Division of Piiceon Inc., 1996 Lundy Ave., 
San Jose, CA 95131, 800-366-0283 circle no. 310, p. 54 
Hitachi America Ltd., 950 Benicia Ave., Sunnyvale, CA 
94086, 408-773-8833 circle no. 311, p. 55 

Houston Instrument Co., 8500 Cameron Rd., Austin, TX 
78753, 800-444-3425 circle no. 312, p. 56 

Infotek Systems, 1120 Spring St., Klamath Falls, OR 
97601, 303-879-1184 circle no. 313, pp. 53, 54 
Intel Corp., 3065 Bowers Ave., Santa Clara, CA 95052, 
800-525-3019 circle no. 314, p. 53 

Interphase Corp., 13800 Senlac, Dallas, TX 75234, 214- 
919-9000 circle no. 315, p. 53 


Iomega Corp., 1821 West 4000 South, Roy, UT 84067, 
800-456-5522 circle no. 316, p, 54 

lotech Inc., 25971 Cannon Rd., Cleveland. OH 44146,216- 
439-4091 circle no. 317, p. 53 

Irwin Magnetic Systems Inc., 2101 Commonwealth Blvd., 
Ann Arbor, Ml 48105, 800-421-1879 circle no. 318, p. 55 
Kensington Microware Ltd., 2855 Campus Dr., San Mateo, 
CA 94403, 800-535-4242 circle no. 319, p. 55 

Kurta Corp., 3007 E. Chambers St., Phoenix, AZ 85040, 
602-276-5533 circle no. 320, p. 55 

Kye International/Genlus, 12675 Colony St., Chino, CA 
91710, 800-456-7593 circle no. 321, p, 55 

Laser Magnetic Storage International Co., 4425 Arrows 
West Dr., Colorado Springs, CO 80907, 800-777-5674 
circle no. 322, p. 54 
Literal Corp., 2180 Executive Circle, Colorado Springs, CO 
80906, 719-579-0460 circle no. 323, p. 54 

Logitech Inc., 6505 Kaiser Dr,, Fremont, CA 94555, In CA 
800-552-8885, Ex CA 800-231-7717 circle no. 324, p. 55 
Loughborough Sound Images Ltd., The Technology Centre, 
Loughborough, Leicestershire, England LE11 OQE, (44 
-f 509) 231 843; In North America: Spectrum Signal 
Processing, 3700 Gilmore Way, #301, Burnaby, B.C., V5G 
4M1 Canada circle no. 325, p. 53 

Macrolink Inc., 1500 North Kellogg Dr.. Anaheim, CA 
92807, 714-777-8800 circle no. 326, p. 53 

Maxtor Corp., 211 River Oaks Parkway. San Jose, CA 
95134, 800-356-5333 circle no. 327, p. 54 

MegaDrive Systems Inc., 1900 Ave. of the Stars, Los An¬ 
geles, CA 90067, 800-322-4744 circle no. 328, p. 54 
Mercury Computer Systems Inc., 600 Suffolk St., Lowell, 
MA 01864, 508-458-3100 circle no. 329, p. 53 
Micron Technology Inc., 2805 East Columbia Rd., Boise. 
ID 83706, 208-368-3800 circle no. 330, p. 54 

Micropolis Corp., 21211 Nordhoff St., Chatsworth, CA 
91311, 818-709-3411 circle no. 331, p. 54 

MicroSpeed Inc., 44000 Old Warm Springs Blvd., Fremont, 
CA 94538, 800-232-7888 circle no. 332, p. 55 
MicroWay Inc., Research Park, Box 79, Kingston, MA 
02364, 508-746-7341 circle no. 333, p. 53 


[Analog Circuit Simulation| 


(IsSpice $95) Performs AC, DC, Transient, Noise, Founer, 
Distortion, Sensitivity, and Temperature analyses. For large 
simulations, (>3000 components) special extended memory 
versions for 286 (IsSpioe/286 $210) and 386/486 (IsSpicb/386 
$386) machines are available._^ 


(PheSpce $200) Extensive” mS libraries, Monte Carlo 
analysis. Circuit Optimization, and Parameter Sweeping. 
(SpiceMoo $200) SPICE model generation from data sheets. 
.Models diodes, transistors, jfets, mostets, and power devices.. 



STABILITY ANALYSIS 
WORKSTATIONS 


all with ONE system 


Vi versjaBLe 


Additional Analyzers Supported 

■ Venable 5060A 

■ HP-3562A 

■ HP-3563A 

■ HP-3577A 

■ MP-4194A 

■ Solartron 1250 

■ Solartron 1255 

■ Solartron 1260 

■ Voltech TF2000 

All F>C'S All GPIB’s 


3555 Lomita Blvd. • Torrance, California 90505 
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Rs an electrical engineer 
you continually refer to data and tables, 
use formulas, discuss specs uiifh 
uendors. the list is endless. Let your 
assistant be EEpal. a pop-up program for 
IBM PCs uuith hundreds of data screens 
and formulas you use daily, couering 
components to systems. Unlike other 
pop-up programs. EEpal is truly an 
engineering tool which handles complen 
numbers, matrin calculations and 
different bases with ease. 

And. EEpal is programmable! The data 
and formula screens you add become a 
part of the pop-up menu system. 


FEATURES 


• 200 built-in EE data & tormula screens 

• Covers vendors, parts, units, math, 
networks, fields & systems 

• Add up to 520 data & formula screens 

• Tune formulas & watch results change 

• Dial numbers in EEPal vendor lists 

• Move data to & from other programs 

• Alarm with appointment list 

• Only 10K RAM in background 

• Non pop-up version included 


REQUIREMENTS 


IBM PC / compatibles, 384K, hard disk, 
DOS 3.0+ Optional: 300K expanded 
memory & modem. 

ONLY s47q 

For orders and information call: 


Eagleware 


1750 Mountain Glen 
Stone Mountain, Georgia 30087 
404-939-0156 FAX 404-939-0157 


Milan Technology Corp., 67 East Evelyn Ave., Mountain 
View, CA 94041, 415-968-9000 circle no. 334, p. 53 
Mountain Network Solutions Inc., 240 East Hacienda Ave., 
Campbell, CA 95008-6687, 800-458-0300 

circle no. 335, p. 55 
Mouse Systems Corp., 47505 Seabridge Dr., Fremont, CA 
94538, 415-656-1117 circle no. 336, p. 55 

National Instruments Corp., 6504 Bridge Point Parkway, 
Austin, TX 78730, 512-794-0100 circle no. 337, p. 53 
NEC Technologies Inc., 1255 Michael Dr.. Wood Dale, IL 
60191, 800-NEC-INF0 circle no. 338, pp. 53, 55 
Numonics Corp., 101 Commerce Dr., Montgomeryville, PA 
18936, 800-247-4517 circle no. 339, p. 55 

Okidata Group, 532 Fellowship Rd., Mount Laurel, NJ 
08054, 800-OKIDATA circle no. 340, p. 56 

Opus Systems, 329 North Bernardo, Mountain View, CA 
94043, 415-960-4040 circle no. 341, p. 53 

Palindrome Corp., 850 E. Diehl Rd., Naperville, IL 60563, 
708-505-3300 circle no. 342, p. 55 

Parity Systems Inc., 504-A Vandell Way, Campbell, CA 
95008, 408-378-1000 circle no. 343, p. 54 

Plus Development Corp., 1778 McCarthy Blvd., Milpitas, 
CA 95035, 408-434-6900 circle no. 344, p. 54 
QMS Inc., One Magnum Pass, Mobile, AL36618,800-523- 
2696 circle no. 345, p. 56 

Radius Inc., 1710 Fortune Dr., San Jose, CA 95131, 408- 
434-1010 circle no. 346, p. 55 

RasterOps Corp., 2500 Walsh Ave., Santa Clara, CA95051, 
800-468-7600 circle no. 347, p. 53 

RGB Technology Inc., 2550 Ninth St., Berkeley, CA 94710, 
415-848-0180 circle no. 348, p. 55 

Science Accessories Corp., 200 Watson Blvd., Stratford, 
CT 06497, 203-386-9978 circle no. 349, p. 55 

Scriptol Corp., 4145 Arlingate Plaza, Columbus, OH 43228, 
614-276-8402 circle no. 350, p. 55 

Seagate Technology Inc., 920 Disc Dr., Scotts Valley, CA 
95066, 800-348-DISC circle no. 351, p. 54 

Sky Computers Inc., 27 Industrial Ave., Chelmsford, MA 
01824, 508-250-1920 circle no. 352, p. 53 

Solflower Computer Inc., 2362 Qume Dr., Suite A, San 
Jose, CA 95131, 408-456-5055 circle no. 353, p. 53 
Sony Corp., Write-Once Optical Products Division, Sony 
Drive, Park Ridge, NJ 07656, 703-620-1300 

circle no. 354, p. 54 
Spectre Corp., 600 W. Cummings Park, Suite 6500, 
Woburn, MA 01801, 617-932-8640 circle no. 355, p. 53 
Summagraphics Corp., 60 Silvermine Rd., Seymour, CT 
06483, 800-243-9388 circle no. 356, p. 55 

SyQuest Technology, 47071 Bayside Parkway, Fremont, CA 
94538, 415-226-4150 circle no. 357, p. 54 

Sysgon Inc., 556 Gibraltar Dr., Milpitas. CA 95035, 800- 
821-2151 circle no. 358, p. 55 

Tallgrass Technologies Corp., 11100 West 82nd St., Lenexa, 
KS 66214, 800-TAL-GRAS circle no. 359, p. 55 

Tatung Co. of America Inc., 2850 El Presidio St.. Long 
Beach, CA 90810, 800-827-2850 circle no. 360, p. 56 
Tecmar Inc., 6225 Cochran Rd., Solon, OH 44137, 800- 
624-8560 circle no. 361, p. 54 

Toktronix Inc., 26600 S.W. Parkway, Wilsonville, OR 
97070, 800-835-6100 circle no. 362, p. 56 

3COM Corp., 5400 Bayfront Plaza, Santa Clara, CA 95052, 
800-NET-3C0M circle no. 363, p. 53 

Torque Computer Inc., 81 Franklin St., New York, NY 
10013, 212-925-1715 circle no. 364, p. 53 

Wacom Inc., West 115 Century Rd., Paramus, NJ 07652, 
800-922-6613 circle ne. 365, p, 55 

Wangtek Inc., 41 Moreland Rd., Simi Valley, CA 93065, 
800-992-9916 circle no. 356, p. 55 

Western Automation Laboratories Inc., 1700 North 55th St., 
Boulder, CO 80301, 303-449-6400 circle no. 367, p. 54 
Western Digital Corp., 8105 Irvine Center Dr., Irvine, CA 
92718, 800-832-4778 circle no. 368, p. 53 

Winchester Technology, 3335 Kifer Rd., Santa Clara, CA 
95051, 408-738-3570 circle no. 369, p. 54 

Wyse Technology, 471 N. First St., San Jose, CA 95134- 
1803, 800-GET-WYSE circle no. 370, p. 56 

Zycad Corp., 1380 Willow Rd., Menlo Park, CA 94025,415- 
688-7406 circle no. 371, p. 53 


ICs FOR ADVANCED WDRKSTATIONS 


AT&T Microelectronics, Two Oak Way, Berkeley Heights, NJ 


07922, 908-771-2788 circle no. 372, p. 61 

Advanced Micro Devices Inc., 5204 East Ben White Blvd., 
Austin, TX 78741, 512-462-4840 circle no. 373, p. 61 
Chips & Technologies Inc., 3050 Zanker Rd.. San Jose, 
CA 95134, 408-434-0600 circle no. 374, p. 61 

Cypress/Ross Semiconductor, 3901 North First St., San 
Jose, CA 95134, 408-943-2653 circle no. 375, p. 61 
Dallas Semiconductor, 4401 S. Bellwood Parkway, Dallas, 
TX 75244, 214-450-5349 circle no. 376, p. 61 

Fujitsu Microeloctronics, 77 Rio Robles, San Jose, CA 
95134, 408-456-1174 circle no. 377, p. 61 

Hitachi America Ltd., 2000 Sierra Point Parkway, Brisbane, 
CA 94005-1819, 800-HITACHI circle no. 378, p. 61 
Integrated Device Technology, 3001 Stender Way, Santa 
Clara, CA 95054, 408-492-8630 circle no. 379, p. 61 
Intel Corp., 3065 Bowers Ave., Santa Clara, CA 95052, 
408-765-5237 circle no. 380, p. 61 

LSI Logic Corp., 1525 McCarthy Blvd., Milpitas, CA95035, 
408-954-4985 circle no. 381, p. 61 

Motorola Inc., 6501 William Cannon Dr. West, Austin, TX 
78735, 512-891-2839 circle no. 382, p. 61 

National Semiconductor Corp., 2900 Semiconductor Dr.. 
Santa Clara, CA 95052-8090, 408-721-4474 

circle no. 383, p. 61 
NCR Corp., 1700 South Patterson Blvd., Dayton, DH 
45479, 513-445-2033 circle no. 384, p. 61 

Performance Semiconductor Corp., 610 East Weddell Dr., 
Sunnyvale, CA 94089, 408-734-8200x219 

circle no. 385, p. 61 
Signetics Co., 811 E, Argues Ave., Box 3409, Sunnyvale, 
CA 94088-3409, 408-991-3626 circle ne. 386, p. 61 
Texas Instruments Inc., Box 1443 MS 737, Austin, TX 
77251, 713-274-3361 circle no. 387, p. 61 

Toshiba America Electronic Components Inc., 9775Toledo 
Way, Irvine, CA 92718, 714-455-2000 

circle no. 388, p. 61 
VLSI Technology Inc., 1109 McKay Dr., San Jose, CA 
95131, 408-434-7905 circle no. 389, p, 61 

ADVERTISERS 

Apex Computer, 4500 150th Ave., N.E., Redmond, WA 
98052, 800-654-8222 circle no. 208, p. 48 

AT&T Microelectronics, Two Oak Way, Berkeley Heights. NJ 
07922, 800-553-8805 circle no. 205, p. 63 

Computer Associates Inc., 711 Stewart Ave., Garden City, 
NY 11530, 516-227-3300 circle no. 212, p. 45 

Datel Inc., 11 Cabot Blvd., Mansfield, MA 02048, 508- 
339-3000 circle no. 203, p. 67 

Eagleware, 1750 Mountain Glen. Stone Mountain, GA 
30087, 404-939-0156 circle no. 206, p. 70 

Falcon Systems Inc., 5816 Roseville Rd., Sacramento, CA 
95842, 916-344-1221 circle no. 218, p. 49 

Integrated Systems Inc., 2500 Mission College Blvd., 
Santa Clara, CA 95054-1215, 408-980-1500 

circle no. 201, p. 33 
Intusoft, 222 W. 6th St., Suite 1070, San Pedro, CA 90731, 
213-833-0710 circle no. 213, p. 69 

Kinetic Systems Corp., 11 Maryknoll Dr.. Lockport, IL 
60441, 815-838-0005 circio no. 210, p. 68 

Marathon International, 16795 Lark Ave., Suite 107, Los 
Gatos, CA 95030, 408-395-7354 circIo no. 202, p. 57 
MathSoft Inc., 201 Broadway, Cambridge, MA02139,617- 
577-1017 circle no. 215, p. 47 

MicroSim Corp., 20 Fairbanks, Irvine, CA92718, 714-770- 
3022 circle no. 214, p. 34 

Microstar Laboratorios, 2863 152 Ave., NE, Redmond, WA 
98052, 206-881-4286 circle no. 209, p. 66 

Modgraph Inc., 149 Middlesex Turnpike, Burlington. MA 
01803, 800-327-9962 circle no. 211, p. 57 

Momentum Data Systems, 1520 Nutmeg Place, Suite 108, 
Costa Mesa, CA 92696, 714-557-6884 

circle no. 216, p. 68 
Sun Microsystems Inc., 2550 Garcia Ave.. Mountain View, 
CA 94043, 800-USA-4SUN circle ne. 219, p. 50 
Systems Control Technology Inc., 2300 Geng Rd., Box 
10180, Palo Alto, CA 94303-0888, 415-494-2233 

circle no. 204, p. 35 
Venable Industries Inc., 3555 Lomita Blvd,, Torrance, CA 
90505, 213-539-2522 circle ne. 217, p. 69 

Waterloo Maple Software, 160 Columbia St. W., Waterloo, 
Ont,, Canada N2L 3L3, 519-747-2373 circle no. 207, p. 65 
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Analog in, digital out 


A basic method for converting the analog signal 
outputs from a high-definition television camera 
into digital signals is pulse code modulation 
(PCM). An analog-to-digital converter [see illustra¬ 
tion] is preceded by a low-pass filter that confines 
the signal to a limited spectrum to prevent spuri¬ 
ous components from appearing in the reconvert¬ 
ed analog output. 

The converter samples the analog input, meas¬ 
uring its amplitude at regular intervals of time. The 
sampled amplitudes are then matched in the quan¬ 
tizer against 256 levels of amplitude so that each 


r- 1 



L_J 
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(Eight-bit words are most commonly used in tele¬ 
vision, and since each bit can be either a 1 or 
a 0, there are 2® or 256 different ways that the 1s 
and Os can be arranged.) The error in amplitude 
is about 0.4 percent after quantization, which is 
equivalent to 48 decibels below the maximum sig¬ 
nal level. 

The process of matching each sampled ampli¬ 
tude with its unique digital word is the job of the 
encoder. It scans the list of words and picks out 
the one that matches the sampled amplitude at 
any time. The encoder then outputs the series of 
digital words in the same sequence as the one 
in which the analog signal was sampled. The list 
of digital words corresponding to the sampled am¬ 
plitudes is known as a code. 



The accompanying waveform is shown with 
several quantized amplitude levels based on the 
PCM scheme. 

In the television receiver, the reverse occurs. A 
digital-to-analog converter contains a decoder that 
outputs an analog signal corresponding to the 


original one produced by the camera. -R.J. 

This description is based on materiat in the book 
“HDTV-Advanced Television for the 1990s’’ by 
K. Blair Benson and DonatdG. Fink [see To probe 
further}. 


(Continued from p. 30) 

pect ratio. To fit the dgital HDTV signal into 
a 6-MHz channel, it uses an algorithm based 
on transform coding. The particular type of 
transform used is called a discrete cosine 
transform (DCT). It transforms an 8-by-8 
block of pixel intensities into an 8-by-8 block 
of frequency transform coefficients. The 
transform is apphed in turn to new blocks 
until the entire image has been transformed. 
At the decoder in the receiver, the inverse 
transformation is applied to recover the 
original image. 

The property of the DCT that makes it 
possible to compress the image is this: for 
typical images, just a few transform coeffi¬ 
cients suffice to compact much of the signal 
energy. For example, one transform coeffi¬ 
cient in an 8-by-8 block represents the dc 
energy of the entire block. 

With a process called normalization, the 
number of transform coefficients that must 
be used is reduced. First, an algorithm is 
used to assign a variable number of bits to 
those coefficients, and then Huffman statisti¬ 
cal coding is used to assign relatively short 
code words to events with the highest prob¬ 
ability of occurrence. 

In yet another step in the DigiCipher sys¬ 
tem, the signal is compressed yet again by 
first predicting how the next frame will ap¬ 
pear and then sending the difference be¬ 
tween the prediction and the actual image. 
The previous frame is often a reasonable 
predictor. This DPCM procedure works best 


with pictures containing only little motion. 

Motion compensation is applied by deter¬ 
mining what has moved where since the 
previous frame. Once this information is 
known to the decoder in the receiver, a por¬ 
tion of the previous frame can be shifted or 
displaced in order to obtain a more accurate 
prediction of the next frame that has yet to 
be transmitted. The decoder reproduces the 
same prediction as the encoder at the trans¬ 
mitter and then determines the difference 
between the prediction and the actual image. 

A chrominance preprocessor reduces the 
resolution of chrominance information rela¬ 
tive to luminance resolution. First it 
separates the signal into luminance and chro¬ 
minance components. The luminance signal 
maintains full resolution, but a prefilter is 
used on the chrominance components to 
average pixels in groups of four horizontal¬ 
ly and groups of two vertically. The chro¬ 
minance components are then multiplexed 
with the luminance component. At the 
decoder in the receiver, the components are 
again separated and reproduced. 

The DigiCipher system uses a sampling 
frequency of 51.80 MHz for the chrominance 
and luminance signals. A forward error-cor¬ 
recting encoder adds error correction bits 
to the 16 quadrature-amplitude-modulated 
(16-QAM) data stream (which includes four 
audio signals as well as the video signals). 
ZENITH-AT&T SYSTEM. The Zenith-AT&T 
Digital-Compatible HDTV System (DSC- 
HDTV) is an extension of Zenith’s previous 


analog-digital system. DSC-HDTV is said to 
reject NTSC cochannel interference into the 
DSC-HDTV channel, providing an HDTV 
service area equal to that of an NTSC broad¬ 
cast station while radiating at least 12 
decibels less power. The previous system’s 
simulcast feature in a 6-MHz band, its 
NTSC-like transmission signal timing, and 
the low power are all retained. 

DSC-HDTV uses progressively scanned 
video signals of 787.5 lines per frame and 
59.94 frames per second. That corresponds 
to 1575 horizontal picture lines 30 times per 
second to create a completely new picture 
with a 16:9 aspect ratio 60 times a second. 
Square pixels allow easy graphical interfac¬ 
ing with computer workstations as well as 
production of special effects 

A video compression algorithm developed 
by AT&T Bell Laboratories enables 34 MHz 
of picture information to be squeezed into 
a single 6-MHz channel. 'The algorithm is em¬ 
bodied in high-speed digital signal processors 
developed by AT&T Microelectronics. 

Using only the luminance frames, motion 
from frame to frame is estimated by a hier¬ 
archical block-matching motion estimator. It 
produces motion vectors, which are com¬ 
pressed and sent to the output buffer for 
transmission. Using predictive encoding, the 
small differences between the new image 
data and the motion-compensated predicted 
image data are encoded through adaptive 
transform coding. 

(Continued on p 73) 
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A critique of purely digital HDTV 


Less than two years ago, the nearly universal view 
of the U.S. television industry was that high- 
definition television (HDTV) must be compatible 
with today’s National Television System Commit¬ 
tee (NTSC) broadcasting system. Everyone recalled 
the Introduction of color In 1953, when, to pre¬ 
serve the utility of the 10 million sets already in 
existence, the color signal was made directly view¬ 
able on monochrome receivers. A second view, 
just as strongly held, was that signal compres¬ 
sion systems of any kind would downgrade quali¬ 
ty too much to be acceptable. 

Both views were wrong. The problem addressed 
by compatibility is service to existing receivers. 
Simulcasting, used later In Britain and France 
when color was Introduced there, has proved a 
better solution and has now been accepted, al¬ 
beit reluctantly, by the U,S. industry. As for com¬ 
pression, many effective systems have been 
demonstrated, including one at the Bell-Northern 
Research Laboratory In Montreal about 10 years 
ago, which enabled full NTSC quality at only 6 
megabits per second. 

Today’s situation is remarkably similar. Impor¬ 
tant decisions are being made without adequate 
thought. Not only has there been a complete turn¬ 
about on the feasibility of compression, but a stam¬ 
pede is developing in favor of digital terrestrial 
broadcasting, which has yet to be shown to be 
practical In the face of analog channel impairments 
such as ghosts, noise, and interference, not to 
mention the effect of rabbit-ear antennas. 

Of course, digital over-the-air broadcasting could 
prove feasible In the future. But certainly no proof 
of this as yet exists, and apparently little or no work 
is now going on in this field. But if efficient over- 
the-air digital transmission proves impractical, and 
all the LI.S. HDTV proposals are all-digital, then 
the likely winner of the FCC bake-out will be Japan 
Broadcasting Corp.’s multiple sub-Nyquist encod¬ 
ing (MUSE), which would hardly be to the advan¬ 
tage of the United States. 

SOURCE AND CHANNEL CODING. Compression 
systems fall into the category of source coding 
ss^tems, while modulation methods used for trans¬ 
mission are channel coding systems. All the HDTV 
systems so far proposed to the Federal Commu¬ 
nications Commission (FCC), without exception, 
use digital compression methods. All-digital sys¬ 
tems, which use both digital source coding and 
digital channel coding, are being advertised as 
more effective compression schemes. True, there 
is a connection between channel and source cod¬ 
ing; but it is not true that digital transmission in¬ 
variably means better compression. 

All the HDTV compression systems so far pro¬ 
posed are based on subband coding or the dis¬ 
crete Fourier transform, a special case of subband 
coding, in which much of the data to be 
transmitted consists of adaptively selected coeffi¬ 
cients, or subband samples, which are, in effect, 
image samples. Such data gains nothing by being 
transmitted in digital form. At least as effective an 
overall system can be designed around hybrid 
schemes, in which digital transmission is used for 
audio and decoding data, and analog transmis¬ 


sion for the image samples. Just as good source 
coding is possible and higher channel coding ef¬ 
ficiency is achieved. 

Because very poor spectrum efficiency is at¬ 
tained in much of the viewing area by the digital 
transmission systems so far proposed, extreme¬ 
ly complex source coding is required, which in¬ 
creases the complexity of receiver signal pro¬ 
cessing. Hybrid systems, with their much higher 
spectrum efficiency, can use simpler source cod¬ 
ing algorithms with correspondingly simpler re¬ 
ceiver processing. 

OTHER DIGITAL TRANSMISSION MYTHS. Sever 
al other myths are connected with digital trans¬ 
mission, notably: 

• Digital modulation is the most efficient method 
of transmission. In reality, analog amplitude modu¬ 
lation is the most efficient method of transmis¬ 
sion in an analog channel, in terms of informa¬ 
tion delivered for a given channel capacity (which 
depends on both bandwidth and signal-to-noise 
ratio). 

Digital transmission’s invariable loss of trans¬ 
mission capacity can, in theory, be made vanish¬ 
ingly small. But, in practice, digital transmission 
schemes rarely achieve even half the theoretical 
channel capacity, and then only when the modu¬ 
lation method is designed for a particular signal- 
to-noise ratio at the receiver. But in terrestrial broad¬ 
casting, the signal varies widely as a function of 
range. Therefore, for systems that deliver a fixed 
number of bits per second throughout the receiv¬ 
ing area, transmission efficiency is high only in 
the fringe area. 

• Digital systems have better interference perfor¬ 
mance than analog systems. Digital systems 
achieve their legendary freedom from interference 
by giving up additional channel capacity. Nonethe¬ 
less, it has never been proved-and probably is 
not true-in a given channel at a given (signifi¬ 
cantly smaller) transmission rate, that digital sys¬ 
tems have better interference performance than 
analog systems. 

• Digital transmission is more free from noise than 
analog transmission. When a signal is digitized 
in order to prevent the accumulation of noise in 
a long series of amplifiers, channel noise is re¬ 
placed by quantization noise, which is alws^ larger 
than the channel noise to be overcome. Signal 
quantization in such cases is a matter of con¬ 
venience, and not a means of improving transmis¬ 
sion efficiency. 

• Ghosts are automatically removed by digital trans¬ 
mission. Ghosts can be thought of as a kind of 
self-generated Interference, and the same consider¬ 
ations apply as in the case of interference from 
other television stations. Ghosts are not automat¬ 
ically removed by digital transmission, but must 
first be removed in order to permit digital trans¬ 
mission at useful rates. 

Overall, in fact, if ghosts, noise, and interference 
in the over-the-air channel could be cleaned up 
enough to achieve efficient digital transmission, 
the quality of NTSC signals transmitted in such 
channels would also be greatly improved-so 
much so that the further perceived improvement 


due to the higher resolution of HDTV would be 
quite small. 

• Digital transmission simplifies interoperability 
with nonbroadcast applications. The difficulty In 
transcoding to other signal formats Is primarily 
a question of relative resolution, scan rates, and 
aspect ratio, and not whether the signal Is analog 
or digital. In any event, all proposed HDTV en¬ 
coders and decoders are entirely digital; It Is only 
the terrestrial transmission format that might be 
hybrid. Conversion from it directly to nonbroad¬ 
cast formats will occur only rarely. Conversion will 
be done to computer workstation format, for ex¬ 
ample, primarily from the production or interna¬ 
tional exchange formats. 

SPECTRUM EFFICIENCY. Spectrum assigned to 
television cannot be used for any other purpose. 
A corollary is that the highest possible Image qual¬ 
ity and the maximum number of channels should 
be available to each viewer within a given overail 
spectrum allocation. 

In these terms, simple-minded digital systems 
that deliver the same number of bits per second 
to all receivers In the service area necessarily waste 
channel capacity in the central cities, precisely 
where a spectrum shortage Is developing because 
of the rapid growth ot cellular telephones and other 
mobile services. 

One way to deal with this problem is to use hy¬ 
brid analog-digital transmission, in which image 
quality improves with signal-to-noise ratio, just as 
it does in purely analog systems. Possibly this 
could also be done with a sophisticated digital 
channel coding method, but no such method has 
yet been proposed to the FCC. 

To put this in the most dramatic way possible, 
an alternative to delivering, say, 20 megabits per 
second in 6 megahertz would be to use a hybrid 
analog-digital format delivering 10 Mb/s plus 10 
megasamples per second In 3 MHz. Most view¬ 
ers In the service area would receive more infor¬ 
mation with the hybrid system and, with appropri¬ 
ate source coding, would get better pictures; yet 
only half the bandwidth would be used. 

In spite of what may appear from the forego¬ 
ing, I am very enthusiastic about digital HDTV 
systems—certainly for compression and possibly 
for transmission. The latter Is probably the meth¬ 
od of choice for clean channels with well-defined 
signal-to-noise ratios, such as direct-broadcast 
satellites and optical fiber. 

Nevertheless, if we are serious about using dig¬ 
ital transmission in the over-the-air channel, it will 
first be necessary to demonstrate conclusively that 
it can be made to work with adequate reliability 
and spectrum efficiency. —William F. Schrelber 

The opinions expressed here are those of the 
author alone. 

William F. Schrelber (F), emeritus professor of elec¬ 
trical engineering, Massachusetts Institute of Tech¬ 
nology, Cambridge, was the designer, along with 
a number of colleagues and students, of MIT's hy¬ 
brid HDTV system, now withdrawn and replaced 
by an all-digital system. 
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The displaced frame difference is encod¬ 
ed using a spatial transform, and the result¬ 
ing coefficients are quantized. Luminance 
and the two chrominance difference pixels 
are encoded separately. The encoded video 
is packed into a special format before trans¬ 
mission, which maximizes immunity to 
transmission errors by masking the loss of 
data in the receiver decoder. Thus, the du¬ 
ration and extent of picture degradation due 
to any one error or group of errors is limited. 

With the video encoder generating about 
17 megabits per second, all data bytes are 
protected by the Reed-Solomon codes ex¬ 
cept the sync interval bytes—because sync 
detection must take place before error 
correction—and spare data bytes, which are 
not currently assigned. 

Output from the video encoder is fed to 
a data formatter and error control system 
where the video bit stream is combined with 
digital audio, ancillary data, and Reed- 
Solomon error control bytes. After the 
resulting data stream goes to a prefilter 
where preprocessing takes place, a 
pilot signal is added to the transmission 
signal to aid carrier recovery at the re¬ 
ceiver, and encoded synchronization 
signals are also added. 

The DSC-HDTV system uses pulse 
amplitude modulation with vestigial 
sidebands. The number of possible am¬ 
plitudes is limited to four. Compared to 
continuous amplitude modulation, this 
provides immunity to thermal noise and 
other impairments. 

PHILIPS-SARNOFF SYSTEM. Advanced Digital 
Television (ADTV) is the name of the entry 
from the Advanced Television Research 
Consortium. The system uses 1050-line in¬ 
terlaced scanning at a 59.94 field rate with 
a 16:9 aspect ratio. 

The video compression technique used, 
called MPEG**, upgrades the compression 
approach to HDTV performance level of the 
Moving Pictures Expert Group (MPEG)—a 
committee within the International Stan¬ 
dards Organization-to provide high-quality 
HDTV pictures at 20 Mb/s. MPEG is a col¬ 
lection of compression methods, including 
motion estimation, motion-compensated 
predictive coding, adaptive DCT quantiza¬ 
tion, and variable-length coding-decoding. 
The compression technique also incor¬ 
porates a video data prioritization layer that 
allows the most important video data to be 
transmitted with the greatest reliability. 

Another feature. Prioritized Data Trans¬ 
port layer, is a fast-packet cell transport for¬ 
mat in which information bits are carried in 
cells consisting of fbced-size data, header, 
and trailer. This format permits relative ease 
in switching and routing—even at high 
speeds. A well-known example of such a 
format is the asynchronous transfer mode 
protocol in the broadband integrated-ser¬ 
vices digital network. Cell relay provides 
rugged logical synchronization that is es¬ 
sential for reliable delivery of variable- 
length coded compressed video in the pres¬ 


ence of transmission errors. 

ADTV uses quadrature amplitude modula¬ 
tion with spectid-shaping techniques, togeth¬ 
er with Reed-Solomon forward error correc¬ 
tion channel coding, to minimize interference 
from and to any co-channel NTSC signals. 
The correction codes are applied to the data 
bytes before the carrier-modulation stage. 
Depending on the priority, different codes 
are applied to the data. In addition, data in¬ 
terleaving is performed as part of the chan¬ 
nel-coding operations to ensure that bursts 
of channel bit errors can be treated as uncor¬ 
related random bit errors, which can often 
be corrected by the Reed-Solomon codes. 

ADTV provides for up to four digital CD- 
quality-sound audio channels that nominal¬ 
ly make up two stereo pairs. Audio compres¬ 
sion closely follows Masking-Pattern- 
Adapted Universal Subband Integrated Cod¬ 
ing and Multiplexing (Musicam), the indus¬ 
try standard for broadcast digital audio. 


Although submitted as a 1050-line system, 
ADTV is designed to provide flexible sup¬ 
port of a wide range of services and future 
media formats. 

AMERICAN TELEVISION ALLIANCE SYSTEM. 

The ATVA-Progressive System from MIT on 
behalf of the American Television Alliance 
provides a video signal with 720 by 1280 pix¬ 
els, a 16:9 aspect ratio, progressively 
scanned at 59.94 frames per second. 

The encoding part of the system consists 
of conversion of red, green, and blue com¬ 
ponents into Y (luminance) and U, V (chro¬ 
minance) components. It also uses source 
adaptive encoding, motion estimation and 
compensation, transform-subband analysis 
of motion-compensated residuals, adaptive 
selection of high-eneigy transform-subband 
coefficients, quantization of the selected 
coefficients, entropy coding of the quantized 
coefficients, and data multiplexing-modu¬ 
lation. The audio signals are also digitally 
encoded. 

For motion compensation, a prediction is 
made for the current frame to be encoded 
from the previously encoded frame and the 
motion vectors. The difference between the 
current frame to be encoded and the predic¬ 
tion (the motion-compensated residual) is 
then computed for Y, U, and V. When the 
motion-compensated residual has sufficient¬ 
ly large energy relative to the image frame, 
motion compensation is disabled, and the 
image frame itself is encoded. This is the 
case with scene changes, for example. 

Each of the Y, U, and V components is ana- 


Important decisions 
are being made with¬ 
out adequate thought 


lyzed by a transform-subband analysis filter 
that divides the residual into 8-by-8 bands. 
To exploit the variation in sensitivity of the 
human visual system, the transform- 
subband coefficients are weighted accord¬ 
ing to the frequency band and luminance- 
chrominance components. The weighted 
coefficients are selected on the basis of their 
energy; those with the highest energy are 
selected until the required number of bits to 
encode reaches the limit available (0.24956 
Mb). The video bit rate required is this num¬ 
ber times 60 frames per second, or 14.99 
Mb/s. 

The location and amplitude of each cho¬ 
sen transform-subband coefficient are en¬ 
coded jointly using a Huffman encoding 
method. 

The digital video information is mul¬ 
tiplexed together with four digital audio 
channels, an auxiliary 0.126-Mb/s data 
stream, and 0.126-Mb/s access control to 
form the composite 19.143-Mb/s digi¬ 
tal stream. The auxiliary data stream 
is made available for transmission of 
closed captions or other digital data. 
Sync bits are inserted into the transmit¬ 
ted bit stream to mark the frame 
boundaries. 

Reed-Solomon coding is used to cor¬ 
rect transmission errors caused by 
noise and interference. The system 
threshold is 19-dB carrier-to-noise 
At that threshold, there is one un¬ 


detected error event per day. 

For digital transmission, a single carrier 
with double-sideband, suppressed-carrier 
quadrature modulation is used. The quad¬ 
rature signal is generated at a sampling fre¬ 
quency of 4.86 MHz. Spectral shaping filters 
in the transmitter limit the signal to a 6-MHz 
double-sided bandwidth. A digital filter is 
used for spectral shaping. 

TO PRORE FURTHER. The technical discussion 
in this article is based in part on two books. 
The first, HDTV—Advanced Television for 
the 1990s, by K. Blair Benson and Donald 
G. Fink (Intertext Publications, McGraw- 
Hill, New York, 1991), provides excellent 
background on advanced television systems 
of all kinds, with limited material on digital 
HDTV. The second. Digital Pictures— 
Representation and Compression, by Arun N. 
Netravali and Barry G. Haskell (Plenum 
Press, New York, 1988), gives detailed tech¬ 
nical information on the various basic com¬ 
pression techniques. 

A third book. Signal Processing of HDTV, 
II, edited by L. Chiariglione (Elsevier, Am¬ 
sterdam, the Netherlands, 1990), contains 
papers from the Third International Work¬ 
shop on HDTV held in Turin, Italy, Aug. 30- 
Sept. 1, 1989. Many of the papers address 
motion estimation, preprocessing, and 
HDTV transmission on digital channels. 

A new report on video compression tech¬ 
niques and their commercial applications is 
available from IGI Consulting Inc., 214 Har¬ 
vard Ave., Suite 200, Boston, Mass. 02134; 
617-738-8088. ♦ 
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CAREERS/PROFILE 



The founding president of 
the Aerospace Corp. was 
the force behind the 
Navstar global positioning 
system of satellites 

Part of the coalition forces 
in the Persian Gulf might 
have been lost in the des¬ 
ert were it not for a vision 
that Ivan A. Getting had in 
1960 and pursued relent¬ 
lessly for the past 30 years. 
At the very least, the mili¬ 
tary might not have been able to locate then- 
precise positions or know exact coordinates 
as easily, a crucial advantage in command¬ 
ing and controlling forces in the desert and 
on the sea, and in deploying surgical-strike 
weapons. 

Getting’s vision is Navstar, the global posi¬ 
tioning system of satellites. It dates to the 


to develop a mobile ballistic missile guidance 
system called Mosaic, which was to work 
like the Loran system. But Getting envi¬ 
sioned another concept. Though the railroad 
mobile version of the intercontinental bal¬ 
listic missile was canceled, he realized that 
if a similar system were used, one that based 
the transmitters on satellites, and if enough 
satellites were lofted so that four were al¬ 
ways in sight, it would be possible to pin¬ 
point locations in three dimensions any¬ 
where on earth. This theory led to Navstar. 

In 1960 Getting was asked by the U.S. Air 
Force to create a nonprofit military systems 
development organization, the Aerospace 
Corp. in El Segundo, Calif. During the hec¬ 
tic early days of building the new company, 

Tekla S. Perry Senior Editor 


he assigned a planning group to look at the 
feasibility of his idea to navigate globally by 
satellites. Though as president of the Aero¬ 
space Corp., he took on many complex proj¬ 
ects—planning new ballistic missile systems, 
overseeing space launch systems, and de¬ 
veloping high-powered chemical lasers— 
global satellite navigation remained his con¬ 
stant passion. 

FINDING FUNDS. It was clear from the start 
that Navstar would require at least 18 satel¬ 
lites for worldwide coverage and would cost 
billions of dollars. 

His biggest concern, he recalled, ‘ ‘was to 
get the damn thing funded. ’ ’ He became an 
evangelist for Navstar, promoting it at every 
opportunity to the presidential science ad¬ 
visor and to the heads of the various armed 
forces. ‘ ‘I was selling everywhere, promot¬ 
ing, promoting,” Getting said. 

‘‘Ivan is relentless in pursuing an objec¬ 
tive, ’ ’ Sam Tennant, the current Aerospace 
Corp. president, told Spectrum. ‘‘Navstar 
was not a program that came easily. In the 
early days, there were few believers.” 

But eventually people started buying into 
Getting’s project, although with some reluc¬ 


tance. The Air Force consented to fund a 
study. The R&D board of the Department 
of Defense agreed to fund a technology 
demonstration. And finally, the Department 
of Defense approved funding of the develop¬ 
ment and deployment of a complete Navstar 
system, costing some US $10 billion. 

The first Navstar satellite was launched in 
1978; by 1985 enough satellites were in orbit 
for Navstar to be used, at least in two dimen¬ 
sions, in most areas of the world. Complete 
worldwide coverage was expected to be 
available by 1987, but the launch schedule 
was set back by the Challenger disaster. Its 
scheduled completion date, with 18 satellites 
sending out signals, is now set for 1993. 

Navstar now fully covers the Persian Gulf 
area, and coalition forces carry thousands 
of receivers that can calculate positions with¬ 


in accuracies of less than about 9 meters (30 
feet). 

Today Getting is theoretically retired, but 
he shows little sign of slowing down and talks 
warmly about the experiences of his long ca¬ 
reer. When he is not on the road, advising 
companies and the Department of Defense, 
he spends much of his time in a crowded of¬ 
fice in his Brentwood Park home in Los An¬ 
geles, a stone’s throw from Hollywood stars. 
There, he is surrounded by stacks of docu¬ 
ments demanding attention (his filing system 
has deteriorated since he gave up corporate 
life and the personal secretary that went with 
it). In his free moments, he retreats to a tiny 
backyard greenhouse, where he raises 
orchids. 

PATRIOT PREDECESSOR. Navstar was not the 

only military technology used in the Persian 
Gulf conflict associated with Getting’s re¬ 
search efforts. The Patriot missile—the so- 
called Scudbuster—uses radar and com¬ 
puters to home in on attacking missiles. It 
is a sophisticated version of a radar-based 
automatic antiaircraft system Getting 
worked on during World War II—the 
SCR-584. 

'This was the first system to use radar 
and computers to calculate missile 
paths. It was a hands-on project: Get¬ 
ting and his team built a demonstration 
system in 1941, working in an old World 
War I hangar at MIT, in the middle of 
the winter, with no heat. By 1944 some 
300 SCR-584s were placed around 
London, and they logged a success rate 
of 95 percent in shooting down Germa¬ 
ny’s V-1 cruise missiles. 

The SCR-584 also tracked the V-2 
ballistic missile (a forerunner of the 
Scud) and traced its path backward—to its 
launch site—as well as forward; launch site 
coordinates could be quickly radioed to 
fighter-bombers and swiftly attacked. When 
the Patriot was designed, this feature was 
deleted from the system specifications. Get¬ 
ting said, because of concern that such a 
capability would cause the Patriot to be clas¬ 
sified as an offensive, rather than defensive, 
weapon. 

For his work on the SCR-584, Getting 
received the Medal for Merit from President 
Harry Truman in 1948, one of 15 scientists 
so recognized that year. 

CAREER CHOICE. While Getting’s parents did . 
not have a scientific bent—his father was in- | 
volved in Slovakian politics and publishing— | 
Getting seems to have been bom with an in- I 
terest in technology. I 



1940s, when Getting was a researcher work¬ 
ing on radar weapons control systems at the 
Radiation Laboratory at the Mas- 
sachusetts Institute of Technolo^ H 
(MIT) in Cambridge. His colleagues in 
a nearby lab were developing the navi- 
gation system used today by ships and H 
planes, Loran. Using land-based trans- H 
mitters to send signals to a receiver on 
the missile, Loran compares the arrival 
times of the different signals to calcu¬ 
late its position. 

In the 1950s, as head of research and 
engineering at Raytheon Corp., 
Waltham, Mass., Getting led a project 


^ Ivan is relentless 
in pursuing 
an objective .' 
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Vital statistics 

Name: Ivan Alexander Getting 
Date of birth: Jan. 18.1912 
Place of birth: New York City 
Height: 182 centimeters (6 feet) 

Weight: 93 kilograms (204 pounds) 

Family: married twice, to Dorothea (died 1976) and Helen; 
three children 

Education: S. B., 1933, Massachusetts Institute of Technology; 

D. Phil., 1935, Oxford University 

First Job: playing piano In a jazz orchestra and organ In a 

church 

Patents: six 

Most recent book read: Modem Radar System Analysis by 
David K. Barton 

Favorite kind of music: classical piano 
Favorlfe food: smoked salmon 

Least tavorlte food: broccoli 

Favorite expression: “It’s not what I say, it's what I mean" 
Favorite leisure activity: growing orchids 
Pet peeve: people trying to explain something when they don't 
know what they are talking about 
Annual air mileage: 300 000 kilometers 
Management credo: “Select good people, give them respon¬ 
sibilities they understand and you understand, and then follow 
up” 

Memberships and awards: 1948 Presidential Medal for Merit; 
Fellow, President (1978), and Founders Medal, IEEE; Honorary 
Fellow, American Institute of Aeronautics and Astronautics; 
member. National Academy of Engineering; the Kitty Hawk 
Award 







But the choice of military engineering 
seemed less ordained. Getting did not spend 
his childhood building model aircraft or in 
fantasizing about building real planes and 
tanks. Rather, he fell into a military career 
almost in spite of himself. 

As a child in Perth Amboy, N.J., he 
received a hand-me-down Meccano set—a 
toy that competed with Erector sets— 
consisting of plates, gears, axles, and other 
metal parts. With the set he figured out how 
a car’s differential worked. He went on to 
study physics at MIT, winning a scholarship 
in a contest to find Edison’s successor. 
Graduating in 1933, the depths of the 
Depression, Getting had no hope of finding 
a job in his field, so he applied for a Rhodes 
scholarship and studied astrophysics at Ox¬ 
ford University in England. This was fol¬ 
lowed by studying nuclear physics at Har¬ 
vard University in Cambridge, Mass., where 
he developed the first high-speed flip-flop. 

Then, he says, “I got trapped by the 
war. ’ ’ The Radiation Laboratory was estab¬ 
lished at MIT to work on radar as part of the 
war effort, and a Harvard scholar in the office 
next to Getting’s was tapped to head the proj¬ 
ect. He recruited Getting, reasoning that the 
circuitry Getting had been developing to ex¬ 
amine cosmic rays could be applied to radar. 

When the war ended in 1945, the Rad Lab 
was disbanded. Getting chose to stay at MIT 
as an associate professor of electrical en¬ 
gineering, intending to do research in nucle¬ 
ar power, which he considered a vital field. 

' ‘We need power for everything we do, from 
lights to producing fertilizer, ’ ’ he explained. 

‘ ‘This was an opportunity to make what was 
considered an infinite source of power.” 

But the doors to nuclear power research 
were locked because of concerns over 
security—only people who had been in nu¬ 
clear research during the war could get in. 
So Getting turned his research to elec- ini 
tron accelerators, building a 350-mega- 
electronvolt synchrotron. Lack of a S5m- 
chroti'on industry, however, forced him 
to focus his consulting on military sys- 
terns and radar. After war broke out in 
Korea in 1950, the Air Force wooed him 
to its staff in the position of assistant 
for development planning. His eareer 
path in military systems was set. 

GREATEST BLOOPERS. While Getting’s ■ 
successes have been formidable, he is 
the first to admit that he has made his share 
of mistakes. Early in his career, these er¬ 
rors taught him to pay attention to even the 
smallest details of an engineering effort. 

In 1939 at Harvard, Getting worked fever¬ 
ishly to repeat a German experiment and be 
the first in the United States to demonstrate 
fission. Using an old bell jar to create a cloud 
chamber within which to observe fission 
reactions, he took thousands of pictures— 
but none showed fission particles. After 
Columbia University in New York City an¬ 
nounced that it had demonstrated fission. 
Getting discovered that his bell jar was very 
old and had been made of boron glass, which 


absorbed the slow neutrons needed to pro¬ 
duce fission of uranium. 

The following year, in an attempt to test 
radar tracking at the Rad Lab, Getting inflat¬ 
ed a rubber balloon with hydrogen. Over the 
balloon he draped reflective aluminum ma¬ 
terial attached to raw silk. But the balloon 
rubbed against the silk in the wind, creat¬ 
ing a static charge, then a spark, then an ex¬ 
plosion that singed Getting’s hair and 
eyebrows. 

When Raytheon in 1950 had a problem 
with tubes that met their specification tests 
in the factory but failed in the Navy accep¬ 
tance tests of the altimeters, production 
stopped while the problem was investigat¬ 
ed. It turned out that a technician making 
final adjustments was using an unmatched 
homemade radio-frequency coaxial cable in¬ 
stead of a standard production cable. It cost 
the company $300 000 to find the error, and 
throughout his tenure at Raytheon, Getting 
kept that cable in his desk as a reminder of 
what can happen when a detail is missed. 

This learned obsession with details, which 
Getting tried to impress on every employee, 
served the Aerospace Corp. well when it 
took on the responsibilities of manned space 
launches. Aerospace oversaw all the 
launches in the Mercury and Gemini pro¬ 
grams, and the company impressed on every 
contractor the importance of tender loving 
care—paying attention to every detail. ‘ ‘We 
never lost a single astronaut, ’ ’ Getting said. 
When TLC was reduced, the inevitable 
human error did slip through. 
ENGINEERING ENVIRONMENTS. After his first 
few years at the Rad Lab, Getting made his 
first move from engineering into manage¬ 
ment. But once the lab folded in 1945, he 
turned down several offers of engineering 
management jobs to return to university 
teaching and research. However, he was 


persuaded in 1950 to move to the Air Force 
staff, and he never went back to hands-on 
engineering. 

As a manager. Getting believed in treat¬ 
ing employees with respect and care, even 
though this was counter to many corporate 
philosophies at the time. When he joined 
Raytheon as vice president, engineering and 
research, in 1951, the company, like many 
of its New England competitors, housed its 
engineers in old brick textile factories, 
crowding them into large open areas. 

But Getting knew that engineering en- 
virormients could be different, and that 
AT&T’s Bell Laboratories, Murray Hill, NJ., 


had made a start in effecting such a change 
by building attractive, landscaped, pleasant 
facilities for its engineers, giving each a pri¬ 
vate office. He thought Bell had the right 
idea and launched a building program at 
Raytheon on Route 128 outside Boston. 

‘ ‘I had been a working engineer myself, ’ ’ 
Getting told Spectrum. ‘ ‘I didn’t want to be 
one of a thousand. I wanted individuality. 
Scientists and engineers, if they are any 
good, want individuality: they want an op¬ 
portunity to get together with other en¬ 
gineers, but they don’t want to be herded 
like sheep. And the cost of adequate office 
space is the smallest part of the total cost 
of operating a high-tech company.” 

Besides prime facilities. Getting advo¬ 
cates giving engineers a chance to get credit 
for what they accomplish, and as much pub¬ 
lic recognition as possible. This is not always 
easy for military contractors, when en¬ 
gineers are barred for security reasons from 
even mentioning their work to their 
families. 

Max Weiss, a former director of Aero¬ 
space’s R&D laboratories and now vice 
president of Northrop Corp., Los Angeles, 
told Spectrum that Getting seemed able to 
provide this positive motivation intuitively. 
‘ ‘He would t^e a younger man, put his arm 
around him, and encourage him,” Weiss 
said. ‘ ‘He gave me a lot of self-confidence 
and encouraged my initiative. Today we 
would call it empowerment.” 

Since his retirement in 1977, Getting 
seems barely to have slowed down. He 
served as IEEE President in 1978, is cur¬ 
rently a member of the board of directors of 
several companies, and is on the Air Force 
Scientific Advisory Board as well as on the 
Navy Studies Board of the National Re¬ 
search Council—responsibilities that require 
several trips a month from his home in Los 

I Angeles to Washington, D.C. 

Northrop vice president Weiss told 
Spectrum that Getting is invaluable on 
such boards and committees because 
he asks penetrating questions in a dis¬ 
armingly naive way. ‘ ‘He’ll say: ‘For¬ 
give me. I’m an old man, you’re smart¬ 
er than I am, you’ll have to explain this 
to me, ’ ” according to Weiss. Then he 
will zero in with a pointed question. 

All these activities leave Getting lit¬ 
tle time for raising orchids, a hobby he 
began in the 1930s, or playing the piano. (He 
occasionally accompanies TRW founder 
Simon Ramo, a violinist.) 

And, since Navstar is not quite complet¬ 
ed yet, and plans for future generations are 
still being made. Getting, now age 79, is still 
evangelizing. 

TO PROBE FURTHER. Ivan Getting published 
an autobiography entitled All in a Lifetime, 
Science in the Defense of Democracy (Vantage 
Press Inc., New York, 1989). For a detailed 
look at the workings of the Navstar Global 
Positioning Satellite System, see ‘‘Navstar: 
the all-purpose satellite, ’ ’ IEEE Spectrum, 
May 1981, pp. 35-40. ♦ 


^ I didn’t want to be 
one of a thousand. 

I wanted individuality. ^ 
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Japan’s nuclear power tightrope 


A recent accident casts 
a pall over plans to 
add 40 plants in 20 
years to the world’s 
No. 4 nuclear complex 

The timing could hardly 
have been worse. Early in 
February, just as Japan’s 
nuclear energy program 
was regaining a degree of 
popular support after three 
years of growing opposi¬ 
tion, an aging pressurized- 
water reactor at Mihama in western Japan 
sprang a leak in its primary cooling system. 
The event occasioned Japan’s first nontest 
use of an emergency core-cooling system. 
It also elicited a forecast of ‘ ‘renewed pub¬ 
lic skepticism about nuclear power” from 
the Ministry of International Trade and In¬ 
dustry (MITI), the Government body 
responsible for promoting and regulating 
Japan’s ambitious nuclear power program. 

Public backing for this form of ener¬ 
gy has always been a delicate flower in 
Japan, where virtually every school 
child visits the atomic bomb museums 
at Hiroshima and Nagasaki. Yet the 
country, which imports 80 percent of 
its energy and just about all its oil, is 
behind oiily the United States, France, 
and the Soviet Union in installed nucle¬ 
ar capacity. In fiscal 1989, which start¬ 
ed in April, Japan’s 39 nuclear power 
stations accounted for 25.5 percent of 
electricity generated—the largest 
contribution—followed by coal and nat¬ 
ural gas. Twelve more plants are under 
construction. 

MITI intends nuclear power stations to 
generate 43 percent of electricity by 2010. 
This will require 40 new plants, since de¬ 
mand for electricity is rising sharply. In the 
sk months from April to September 1990, 
consumption was 8.8 percent higher than in 
the previous year—the largest growth since 
the 1973 oil crisis. In August, the peak month 
for demand, electric utilities had to ask large 
customers such as factories to cut consump¬ 
tion to avoid power cuts. Officials admit that 
increasing nuclear power’s share of electric¬ 
ity generation will be very difficult. ‘‘It is 
not impossible, but extra efforts will be 

Michael Cross Correspondent 
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needed to achieve it, ’ ’ said Hideaka Tsuzu- 
ku, deputy head of nuclear policy at the Gov¬ 
ernment’s Science and Technology Agency. 

The conjunction of the Gulf crisis with ris¬ 
ing demand for electricity boosted the mo¬ 
rale of nuclear engineers. In February, an 
election in Aomori Prefecture, site of Japan’s 
enrichment and reprocessing plant, returned 
the sitting governor to power against an 
anti-nuclear-power challenger. ‘‘People un¬ 
derstand that nuclear energy is essential for 
the peace of Japan, ’ ’ said Takeki Kawahito, 
superintendent of Kashiwazaki Kariwa 
power station in Niigata Province, which will 
be the world’s largest concentration of com¬ 
mercial nuclear reactors in the late 1990s. 

Then on Feb. 9, one of the 3260 U-shaped 
pipes in Mihama-2’s steam generator 
produced the most dramatic breakdown in 
the history of nuclear power in Japan. Ac¬ 
cording to a preliminary report by MITI, the 
accident began at 1:40 p.m. when Mihama- 
2 was in full power operation, with the 
sounding of a radiation alarm on the conden¬ 
ser vacuum pump gas monitor. Ten minutes 
later, while operators were reducing the 
reactor’s power, instruments showed a drop 


in pressure and low water levels in the pri¬ 
mary system, events that automatically trig¬ 
gered the reactor’s emergency core-cooling 
system. 

The emergency systems worked as 
designed, owner Kansai Electric Power Co. 
said, and brought the reactor to a halt. In¬ 
spection by television cameras and fiber- 
scope revealed a crack in one of the tubes 
in use. About 20 metric tons of radioactive 
water leaked into the secondary system, 
some of which vented as steam through a 
safety valve into the outside air. MITI said 
that the amount of radioactivity released was 
‘‘very small”—about 5 x 10® becquerels 
(0.1 curie), or about one-fiftieth of the 
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plant’s permitted armual emissions of radio¬ 
activity. 

The prefectural government, however, 
complained that the plant’s operators wait¬ 
ed 90 minutes before notifying local authori¬ 
ties of abnormal levels of radiation. 

Japan’s boiling-water reactors have not 
been immune from malfunctions, either. On 
Jan. 1,1989, a public holiday, the main recir¬ 
culation pump at the No. 3 reactor at the 
Fukushima II Power Station, north of Tokyo, 
set off a vibration alarm. Vibrations con¬ 
tinued for five days until the operator, Tokyo 
Electric Power Co. (Tepco), shut down the 
1100-megawatt reactor. Inspection showed 
that a hydrostatic bearing had shattered, 
damaging the pump and spreading bolts, 
washers, and parts of the impeller plate 
throughout the reactor. The shutdown last¬ 
ed 22 months while engineers removed de¬ 
bris from the pressure vessel, made repairs, 
and reassured anxious local people. 

UNDER CONSTRUCTION. Fukushima II-3 is one 
of Tepco’s newer boiling-water reactors. It 
began commercial operation in 1985. The 
utility operates a total of 13, at Fukushima 
and Kashiwazaki Kariwa, in Niigata Prefec¬ 
ture on the shores of the Japan Sea. 
Kashiwazaki Kariwa’s third reactor (al¬ 
though numbered Kashiwazaki Kariwa 
5) entered commercial service last 
September, a month ahead of schedule. 
Four more are in various stages of plan¬ 
ning and construction. When complete, 
the power station’s total capacity will 
be 8.2 million gigawatts, which Tepco 
says is the world’s largest. 

Construction is proceeding at a furi¬ 
ous pace, aided by new techniques. 
One is the ‘ ‘large block construction 
method,” in which modules weighing 
up to 400 tons are lifted into place by 
cranes. 

New technology has also speeded the pro¬ 
cess of assembling steel reinforcement bars 
for concrete structures. Machines arrange 
the bars automatically, according to instruc¬ 
tions from computer-aided design and 
manufacturing (CAD/CAM) systems. Other 
robots pour concrete and spray paint. 

The most striking feature of Ae complet¬ 
ed reactors is how little is visible above 
ground. The entire Japanese archipelago is 
prone to earthquakes. To reduce the risk of 
damage, the pressure vessels rest on bed¬ 
rock 30 meters below sea level. In a major 
earthquake, sensors would automatically 
shut the plant down. 

Two of the seven reactors planned for 
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Present and planned reactor sites (above) 
will be augmented by fuel processing and < 
low-level waste depository being built at 
Rokkasho (below) on Japan’s northern¬ 
most island, Hokkaido. 



This pressure vessel for a new Hitachi 
reactor at Kashiwazaki Kariwa plant 4 
will go online in 1994. 


Kashiwazaki Kariwa will be a showcase for 
the newly designed advanced boiling-water 
reactor, as it is called. It will have an elec¬ 
trical capacity of 1356 MW; compared with 
the present reactors’ 1100 MW. 

The main new feature is that the recircu¬ 
lation pump fits inside the pressure vessel, 
to reduce the risk of radiation leaks and 
lower the center of gravity for stability in 
earthquakes. The design is the result of col¬ 
laboration between Tepco, General Electric 
Co., headquartered in Fairfield, Conn., and 
Toshiba Corp. and Hitachi Ltd. 

Meanwhile, a rival consortium of Japanese 
companies is collaborating with Westing- 
house Electric Corp., Pittsburgh, to develop 


1. Japan’s nuclear power plants 


Utility 

Power plant 

In operation (40 

Reactor 

type' 

units) 

Gross 

capacity, 

megawatts 

(electrical) 

Prime 

contractor" 

Start of 
commercial 
operation" 

Japan Atomic 
Power Co. 

Tokai 1 

GCR 

166 

GE/SC 

7/66 

Tokai 2 

BWR 

1100 

GE/Hitachi Ltd. 

11/78 

Tsuruga 1 

BWR 

357 

GE 

3/70 

Tsuruga 2 

PWR 

1160 

MHI 

2/87 

Hokkaido Elec¬ 
tric Power Co. 

Tomari 1 

PWR 

579 

MHI 

6/89 

Tohoku Elec¬ 
tric Power Co. 

Onagawa 1 

BWR 

524 

Toshiba Corp. 

6/84 

Tokyo Electric 
Power Co. 

Fukushima 1-1 

BWR 

460 

GE 

3/71 

Fukushima 1-2 

BWR 

784 

GE/Toshiba 

7/74 

Fukushima 1-3 

BWR 

784 

Toshiba 

3/76 

Fukushima 1-4 

BWR 

784 

Hitachi 

10/78 

Fukushima 1-5 

BWR 

784 

Toshiba 

4/78 

Fukushima 1-6 

BWR 

1100 

GE/Toshiba 

10/79 

Fukushima 11-1 i 

BWR 

1100 

Toshiba 

4/82 

Fukushima 11-2 | 

BWR 

1100 

Hitachi 

2/84 

Fukushima lt-3 : 

BWR 

1100 

Toshiba 

6/85 

Fukushima 11-4 ■ 

BWR 

1100 

Hitachi 

8/87 

Kashiwazaki 
Kariwa 1 

BWR 

1100 

Toshiba 

9/85 

Kashiwazaki 
Kariwa 2 

BWR 

1100 

Toshiba 

9/90 

Kashiwazaki 
Kariwa 5 

BWR 

1100 

Hitachi 

4/90 

Chubu Electric 
Power Co. 

Hamaoka 1 

BWR 

540 : 

Toshiba 

3/76 

Hamaoka 2 

BWR 

840 

Toshiba/Hitachi 

11/78 

Hamaoka 3 

BWR 

1100 

Toshiba/Hitachi 

8/87 

Kansai Electric 
Power Co. 

Mihama 1 

PWR 

340 

WE/MAPI 

11/70 

Mihama 2 

PWR 

500 

MAPI 

7/72" 

Mihama 3 

PWR 

826 

MHI 

12/76 

Takahama 1 

PWR 

826 

WE/MHI 

11/74 

Takahama 2 

PWR : 

826 

MHI 

11/75 

Takahama 3 

PWR 

870 

MHI 

1/85 

Takahama 4 

PWR 

870 

MHI 

6/85 

Ohi 1 

PWR 

1175 

WE/MHI 

3/79 

Ohi 2 

PWR 

1175 

WE/MHI 

12/79 

Chugoku Elec¬ 
tric Power Co. 

Shimane 1 

BWR 

460 

Hitachi 

3/74 

Shimane 2 

BWR 

820 

Hitachi 

2/89 

Shikoku Elec¬ 
tric Power Co. 

Ikata 1 

PWR 

566 

MHI 

9/77 

Ikata 2 

PWR 

566 

MHI 

3/82 

Kyushu Elec¬ 
tric Power Co. 

Genkai 1 

PWR 

559 

MHI 

10/75 

Genkai 2 

PWR 

559 

MHI 

3/81 

Sendai 1 

PWR 

890 

MHI 

7/84 

Sendai 2 

PWR 

890 

MHI 

11/85 

Power Reactor 
and Nuclear Fuel 
Development 
Corp. (PNC) 

Fugen 

ATR 

165 

Various 

3/79 

i Total gross infill 31 645 1 


an advanced pressurized-vrater reactor. This 
will have a generating capacity of 1300 MW 
(electrical), some 15 percent higher than to¬ 
day’s reactors. 

Both projects to improve light-water reac¬ 
tors grew in part from a collaborative R&D 


effort, known as the Improvement and Stan¬ 
dardization Program, which MITI estab¬ 
lished in 1975. The 10-year project’s goal 
was to reduce the downtime of reactors, the 
time taken to build plants—which spawned 
the techniques of modular construction— 
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and employees’ exposure to radiation. 

The low doses of radiation to which wor¬ 
kers are exposed are a symbol of Japanese 
skills in building and operating nuclear power 
stations. In fiscal 1989, the latest year for 
which figures are available, the average dose 
equivalent of workers in radiation control 
areas amounted to 1.6 millisieverts per 
worker, down by 0.1 mSv from the previous 
year. According to MITI’s Agency of Natu¬ 
ral Resources and Energy, this is Ae lowest 
figure on record. No worker in the nuclear 
power industry exceeded the legal limit of 
50 mSv per year. 

Plant managers say that design and good 
working practices are responsible for the low 
figures. As large and prestigious employers, 
utilities can attract a high caliber of recruits. 
Lifetime employment means that trained 
employees are unlikely to leave (and would 
not be hired by another utility) and ensures 
loyalty to the company. The whistleblower, 
for example, is almost unknown in Japan. 

Signs of this conscientious approach to 
work are apparent throughout nuclear power 
stations. One example is the standard of 
cleanliness. Not only radiation control areas 
but turbine halls, canteens, and toilets are 
spotless. The controllers themselves are 


long-service company persormel (the only 
women are cleaners or smartly dressed toirr 
guides). A shift leader would have at least 
10 years’ experience. 

Loyalty to the company is at least as strong 
in the major contractors. Hitachi and Toshi¬ 
ba are among Japan’s most prestigious com¬ 
panies and recruit for life fiom the coimtry’s 
top campuses, led by Tokyo University. 
Companies normally hire engineering and 
scientific staff after a bachelor’s degree, to 
be supplemented with many years of in- 
house training. Engineers are treated as ‘ ‘all- 
rounders, ’ ’ expected to learn new fields as 
required. One nuclear engineer, after years 
working on the metallurgy of pressure- 
vessels, found himself reassigned to his 
company’s biotechnology division. 

AT THE TOP. The energy complex run by this 
elite group of workers is administered by a 
tripartite alliance of Government depart¬ 
ments, electric utilities, and engineering 
contractors. The lead agency is MITI. It is 
responsible for approving the siting, design, 
and operation of nuclear power plants. It also 
has powers to set electricity prices and, 
through the mechanism of “administrative 
guidance,” to direct private companies. The 
Science and Technology Agency is respon¬ 


sible for nuclear research. As for Japan’s 
electric utilities, there are nine of them, each 
a privately owned local monopoly. All con¬ 
tribute to private consortia formed, under 
Government guidance, to handle different 
nuclear technologies. 

One of these is the Japan Atomic Power 
Co., which ordered Japan’s first power reac¬ 
tor, a gas-cooled type of the British Mag- 
nox design, in 1959. It is still running. 

By the mid-1960s, Japan’s electric utilities 
had switched to U.S. technology, the light- 
water reactor, for their future plans. The 
nine companies fell into two camps. Tepco, 
the world’s largest private electricity utili¬ 
ty, with revenues of some 4.2 trillion yen 
(US $32.7 billion), led one group. It chose 
a boiling-water reactor, from General Elec¬ 
tric, which Hitachi and Toshiba built under 
license. The second-largest electricity 
generator, Kansai Electric Power, led a 
group choosing the pressurized-water reac¬ 
tor, which was built by Mitsubishi Atomic 
Power Industries and other Mitsubishi com¬ 
panies under license from Westinghouse. 

Japan’s first commercial boiling-water 
reactor, Tsuruga 1, in Fukui Prefecture, West 
Japan, went critical in October 1969. The 
first commercial pressurized-water reactor, 
Mihama-1, also in Fukui, followed a year 
later. Today, the second type slightly out¬ 
numbers the first in Japan and forms the 
majority of plants under construction. 

Japan, however, remains dependent on the 
outside world for several crucial parts of the 
nuclear cycle: it has few knoAvn sources of 
uranium, and it exports spent fuel to Brit¬ 
ain and France for reprocessing at tliose 
countries’ facilities at Sellafield and Cap La 
Hague [“Nuclear waste: the challenge is 
global,” IEEE Spectrum, July 1990, 
pp. 18-24]. 

REPROCESSING AT ROKKASHO. This depen¬ 
dency has spurred plans to round out the fuel 
cycle, starting with a gigantic plant under 
construction near the village of Rokkasho, 
Aomori Prefecture, at the far northern end 
of Honshu. The site, which covers nearly 
400 hectares, will house plants for enrich¬ 
ing luanium and storing and reprocessing 
fuel as well as a depository for low-level nu¬ 
clear waste, now stored mostly at nuclear 
power stations. The whole complex will cost 
some 840 billion yen (US $6.5 billion). 

Fuel enrichment and low-level waste stor¬ 
age at Rokkasho are the responsibility of 
Japan Nuclear Fuel Industries Co., a private 
concern owned by the nine electric power 
utilities but with three nuclear engineering 
companies and several financial institutions 
holding a minority stake. Under international 
nonproliferation rules, Japan had to develop 
its own enrichment technology, a centrifu¬ 
gal process. The program began in the 
1960s, with a pilot plant in Ningyo, Okaya¬ 
ma Prefecture, West Japan. The Govern¬ 
ment’s Science and Technology Agency and 
private companies are also studying laser 
and chemicd enrichment technologies. 

Rokkasho’s enrichment plant will cost 180 


Utility 

Reactor 

Power plant type' 

Under construction (12 units 

Gross 

capacity, 

megawatts 

(electrical) 

) 

Prime 

contractor" 

Start of 
commercial 
operation" 

Hokkaido 

Electric 

Tomari 2 

PWR 

579 

MHI 

(6/91) 

Tohoku 

Electric 

Onagawa 2 

BWR 

825 

Toshiba 

(7/95) 

Tepco 

Kashlwazaki 
Kariwa 3 

BWR 

1100 

Toshiba 

(7/93) 

Kashlwazaki 
Kariwa 4 

BWR 

1100 

Hitachi 

(7/94) 

Chubu Electric 

Hamaoka 4 

BWR 

1137 

Toshiba/Hitachi 

(9/93) 

Hokuriku Elec¬ 
tric Power Co 

Shika 

BWR 

540 

Hitachi 

(3/93) 

Kansai Electric 

0hi3 

PWR 

1180 

MHI 

(12/91) 

0hi4 

PWR 

1180 

MHI 

(2/93) 

Shikoku 

Electric 

Ikata 3 

PWR 

890 

MHI 

(3/95) 

Kyushu 

Electric 

Genkai 3 

PWR 

1180 

MHI 

(3/94) 

Genkai 4 

PWR 

1180 ; 

MHI 

(7/97) 

PNC 

Monju 

FBR 

280 1 

- 

- 

1 Total gross 


Planned (3 units) 


Tohoku 

Electric 

1 Maki 1 

! BWR 

825 

- 

(2000) 

Tepco 

Kashlwazaki 
Kariwa 6 

ABWR 

1356 

- 

(7/96) 

Kashlwazaki 
Kariwa 7 

ABWR 

1356 

- 

(7/97) 


1 Total gross capacity 3537 i 


Source: Japan Atomic Industrial Forum 

a ABWR = advanced boiling-water reactor; ATR = advanced thermal reactor; BWR = boiling-water reactor; FBR = fast-breeder reac¬ 
tor; GCR = gas-cooled reactor; PWR = pressurized-water reactor, 
b GE = General Electric Co.; MAPI = Mitsubishi Atomic Power Industries Inc.; MHI = Mitsubishi Heavy Industries Inc.; SC = Shimizu 
Corp.; WE = Westinghouse Electric Corp. 
c Scheduled starting dates are In parentheses, 
d Suspended February 1991. 
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2. Japan’s advanced and current 
beiiing-water reactors 


Parameter 

Advanced 

Current 

(BWR-5) 

Electrical output, 
megawatts 

1356 

1100 

Reactor thermal out¬ 
put. MW 

3926 

3293 

Reactor pressure, 
kilograms per square 
centimeter 

73.1 

71.7 

Steam flow, metric 
tons per hour 

7480 : 

6410 

Feed water tempera¬ 
ture, degrees 

Celsius 

215 

215 

Core flow, kilograms 
per hour 

52 X 10“ 

48 X 10“ 

Number of fuel as¬ 
semblies 

872 

764 

Number of control 
rods 

205 

185 

Core average power 
density, kilowatts per 
liter 

50.6 

50.0 


Source: Atoms in Japan 


billion yen (US $1.4 billion) and be capable 
of handling 1500 tons of uranium a year- 
some 30 percent of Japan’s consumption— 
by the end of the century. It is due to begin 
operation in September, five months behind 
the original schedule. Officials say the main 
cause of the delay was the decision to sus¬ 
pend installation of the centrifugal separa¬ 
tor for four months following the election in 
November 1989 of a Rokkasho mayor who 
opposed the project. 

Japan’s nuclear power plants have ac¬ 
cumulated about half a million 200-liter 
drums of such waste, mostly asphalt, cloth¬ 
ing, and liquids. Japan Nuclear Fuel In¬ 
dustries applied to the Government in 
1988 for permission to start building the 
low-level depository at Rokkasho, 
which could eventually store 600 000 
drums. The Government withheld its 
approval until last November, though— 
until after the company had made 
several changes to improve access to 
stored drums. The site will accept its 
first drums in late 1992, more than a 
year behind schedule. 

Responsibility for the reprocessing 
plant at Rokkasho belongs to a separate 
consortium, Japan Nuclear Fuel Service 
Co. (though its shareholders are mostly 
identical to those of Japan Nuclear Fuel In¬ 
dustries). It hopes to begin reprocessing in 
1997, but is still awaiting approval to begin 
construction. The country’s only reproces¬ 
sing now takes place at a pilot plant in Tokai, 
Ibaraki Prefecture, near 'Tokyo. Since 1977 it 
has reprocessed some 400 tons of fuel. Rok¬ 
kasho will handle 800 tons a year. 

Former Prime Minister Yasuhiro Naka- 
sone once described Aomori as ‘ ‘Japan’s nu¬ 
clear peninsula.” Apart from Roltosho, it 
also houses the port built for Japan’s first and 


only nuclear ship, the Mutsu. The region has 
become the focus of opposition to nuclear 
power in Japan, which emerged on a wide 
scale for the first time after the 1986 Cher¬ 
nobyl disaster. Among the 12 000 inhabitants 
of Rokkasho village itself, the issue 
dominates a bitter political debate. 

The reprocessing plant’s output will sup¬ 
ply Japan’s plutonium reactors. This has 
raised fears over safety at home and abroad. 
A prototype fast-breeder reactor, named 
Monju, is to start operating in Fukui Prefec¬ 
ture in October 1992. This 714-MW (ther¬ 
mal) sodium-cooled reactor is a midway 
stage between the country’s first prototype 
breeder, Joyo, and full-scale commercial fast- 
breeder reactors. Its fuel will be an oxide of 
plutonium and uranium. 

Another research program is using the so- 
called advanced thermal reactor to develop 
ways to fuel light-water reactors with pluto¬ 
nium. A prototype of the reactor, called 
Fugen, has been operating near Tsuruga 
City, Fukui Prefecture, since 1978. Its pur¬ 
pose is to evaluate the performance and safe¬ 
ty of plutonium-uranium metal oxide fuel. 
“Proper containment and radiation control 
technologies make safe use of plutonium feas¬ 
ible,” said the Government’s 1990 Report 
on Atomic Energy. Commercial reactors will 
begin to use plutonium in the late 1990s. 
RIGHTS OF PASSAGE. Until the reprocessing 
plant at Rokkasho comes on stream, Japan’s 
plutonium program will depend on fuel 
reprocessed under commercial contracts in 
England and France. The need to return this 
plutonium to Japan has involved Tokyo in a 
series of international conflicts. 

The original proposal—transport by air- 
foundered because of objections in the Unit¬ 
ed States. (The fuel originated from U.S. 
uranium, so is subject to U.S. controls. Also, 


flights between Europe and Japan would 
have passed over U.S. territory.) The alter¬ 
native, transport by sea, raised fears of 
hijacking by terrorists or unscrupulous 
governments. Tokyo agreed to provide an 
armed escort, which was opposed because 
it appeared to breach the policy of not 
deploying Japanese troops overseas. 

The solution was to give the job of escort¬ 
ing plutonium to the country’s Maritime 
Safety Agency, a coastguard force. An armed 
escort ship is now under construction, at a 


cost of 20 billion yen (US $154 million). Ship¬ 
ments are due to begin in fall 1992. 

One stage in the nuclear fuel cycle remains 
to be tackled in Japan—disposal of high-level 
nuclear wastes. TTie Government’s policy is 
to vitrify waste—a process akin to sealing 
it in glass marbles—then store it for 30 to 
50 years underground and finally bury it at 
a depth of several hundred meters. This is 
the responsibility of yet another entity, a pri¬ 
vate consortium called the Power Reactor 
and Nuclear Fuel Development Corp. 
Studies on geological disposal are taking 
place at a site near Horonobe, in the center 
of the northern island of Hokkaido. 
LOOKING ASKANCE. Officials stress that this 
does not mean that Horonobe will be the site 
of the depository itself. But local residents 
are more skeptical, and Horonobe has be¬ 
come another focus for the nationwide an¬ 
tinuclear movement. 

Before the emergency shutdown at Miha- 
ma, opinion polls showed that most Japanese 
express concern about nuclear power yet re¬ 
gard it as essential. Officials in Government 
and industry say that the job of promoting 
nuclear energy in Japan is mainly one of ex¬ 
planation and education. However, Kazuhisa 
Mori, executive managing director of the 
Japan Atomic Industrial Forum, through 
which 800 companies promote nuclear ener¬ 
gy, bemoaned that ‘ ‘the more serious a per¬ 
son is about energy and the environment, 
the more likely he is to oppose nuclear 
energy.” 

Mori is also puzzled that opponents of nu¬ 
clear power do not believe that MITI and the 
utilities are telling the whole story. “One 
feeling that emerges in polls is that the in¬ 
dustry is hiding something, ’ ’ he said. “Ob¬ 
viously there are commercial secrets and lo¬ 
cations of sensitive materials that carmot be 
released.” Otherwise, he insisted, 
“we are completely open.” 

TO PROBE FURTHER. The Japan Atomic 
Industrial Forum publishes a monthly 
English-language magazine called 
Atoms in Japan. It is available from the 
forum at: 1-13-1 Shinbashi, Minato-ku, 
Tokyo 105, Japan; (81-1-3) 3508 24U; 
fax, 3508 2094. 

Government agencies concerned 
with nuclear energy are the Science 
and Technology Agency, 2-2-1 Kasumi- 
gaseki, Chiyoda-ku, Tokyo 100, Japan 
[contact the Office of Atomic Energy 
PbUcy Research, (81-1-3) 3581/5197] and 
the Ministry of International Trade and 
Industry, 1-3-1 Kasumigaseki, Tokyo 100 
[contact the Agency of Natural Resources 
and Ener^, (81-1-3) 3501-1511]. 

A prominent opposition group that pub¬ 
lishes information in English is the Citizen 
Nuclear Information Center, 3F Watenabe 
Building, 2-23-22 Higashi Ueno, Taito-ku, 
Tokyo 110, Japan. 

ABOUT THE AUTHOR. Michael Cross is a 
science and technology correspondent who 
formerly headed New Scientist magazine’s 
bureau in Tokyo. ♦ 


Rokkasho will provide 
low-level waste storage 
and a tripling of 
Japan’s reprocessing 
capability 
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With IEEE Disability Insurance, 
You Always Lana On These. 


Accident and illness can happen to anyone. 
But if you’re covered by the Association’s Disability 
Insurance, you always land on your feet financially. 
The plan ensures that you’ll receive a good portion 
of your income, should you become disabled. 

Our group purchasing power helped us to 
negotiate top-quality insurance, at a quite reason¬ 
able cost. In addition, we designed this coverage 
specifically for your needs. 


To find out more about this benefit, call 
1-800-424-9883 (in Washington, DC. call 
457-6820). 

IEEE INSURANCE 

Designed by Engineers. 
ForEn^neers. 
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IEEE>488 

Support 

The Leader in IEEE-488 
Controller solutions aiso has 
a complete line of 
support products designed 
to cover all your 
instrumentation applications 





• Low-cost analyzer/monitor of any 
GPIB system 

• Powerful, easy-to-use PC software 

• Foregroupd/background operation 

• Triggering and pattern generation 

• Captures limited only by memory 
of host PC 


Protocol Converters 


• SCSI/RS-232/RS-422/Parallel-to- 
IEEE-488 

• Built-in DMA and buffering 


Data Buffer 


• Isolates slow GPIB devices 

• Buffers at 900 kbytes/sec 


Extenders/Expander 


• High-speed parallel extension 

• Long-distance serial extension 

• Expander with optical isolation 


High-Quality Cables 




Call for FREE Catalog 
(512) 794-0100 

(800) IEEE-488 (U.S. and Canada) 




The Software is tbe Instrument ® 
6604 Bri«l«e P«fiH*8rkway 
Au stin, T X 7ft7 Bn-finaa 



See us at ELECTRO booth 2034. 
Circle No. 11 


The engineer at larg e 


Contest seeks ideas 
to enable the disabled 

There’s a US $10 000 first prize out there 
for the best ideas, systems, devices, or com¬ 
puter programs for helping persons with dis¬ 
abilities. The $10 000, as well as 100 other 
prizes and awards, is being offered by the 
Johns Hopkins National Search for Com¬ 
puting Applications to Assist Persons with 
Disabilities. U.S. residents are invited to 
submit entries in four major areas: employ¬ 
ment, independent living, education, and 
leisure. 

The search, supported by grants from the 
National Science Foundation and MCI Com¬ 
munications Corp., both in Washington, 
D.C., will be conducted in collaboration with 
leading rehabilitation, business, education¬ 
al, and professional organizations in the 
technical and disability communities. The ef¬ 
fort also expects to attract corporate 
sponsors. 

Contests in each of the 10 standard Fed¬ 
eral U.S. regions will be used to attract com¬ 
petitors nationwide. Each region will pres¬ 
ent its own fair on Dec. 7,1991, where award 
presentations will be made and hundreds of 
inventions displayed. The culmination of the 
search will be a national fair and awards 
ceremony at the Smithsonian Institution in 
Washington, D.C., in February 1992. 

Paul Kazan (SM) of the Applied Physics 
Laboratory, Johns Hopkins University, Lau¬ 
rel, Md., leads the search. Kazan directed 
a similar program in 1981 that yielded 8000 
participants and hundreds of inventions, 
many of which eventually became standard 
equipment for thousands of persons with dis¬ 
abilities. 

One invention, for example, led to Braille 
’N Speak, a pocket-sized input terminal 
marketed by Blazie Engineering Co. of 
Street, Md., that accepts keyed-in Braille 
shorthand and outputs spoken words or 
ASCII code for input to a word processor. 
Another invention became the Eyetyper 
300, an eye-gaze-controlled keyboard sys¬ 
tem for severely paralyzed and speech- 
impaired individuals. Marketed by Sentient 
Systems Technology Inc., Pittsburgh, the 
device, by focusing a camera at the person’s 
eye, allows words to be selected from those 
displayed on a computer screen. 

Kazan expects the present search to make 
an even greater impact than the first one. 
“In 1981, there were only 200 000 per¬ 
sonal computers in the hands of Ameri¬ 
cans,’ ’ Kazan said. ‘ ‘Today there are about 
20 million—almost a 100-fold increase.’’ 
Thus, the pool of creative people who are 


computer literate is far larger and this should 
generate many more good ideas, Kazan 
added. 

He pointed out that public schools in the 
United States have almost a million com¬ 
puters devoted to special education. There¬ 
fore, a single, well-designed piece of educa¬ 
tional software could help many thousands 
of students with learning problems. 

Giving businesspeople access to the in¬ 
ventions is another goal of Kazan and the 
Applied Physics Laboratory. To this end, a 
‘ ‘future directions’ ’ workshop at the labora¬ 
tory will immediately follow the national 
awards ceremony. The workshop will pre¬ 
sent marketable entries to manufacturers 
and disabihty group leaders. Computer net¬ 
working systems also will be used to dis¬ 
seminate information, and a nationally tele¬ 
vised program will bring the results of the 
search to the public. 

A TV workshop is also planned for April 
6 in the United States to be broadcast over 
the Black College Satellite Network and 250 
cable stations. The program will present de¬ 
tails of the contest and answer phoned-in 
questions. Deadline for entries is Aug. 23, 
1991. Contact: Personal Computing to Assist 
Persons tvith Disabilities, Box 1200, Laurel, 
Md. 20723. 


NSPE picks engineering feats 

Its pick of the top U.S. engineering achieve¬ 
ments of 1990 was announced recently by 
the National Society of Professional En¬ 
gineers (NSPE), Washington, D.C. Conspic¬ 


uous among them is the recovery program 
for the Three Mile Island Unit 2 (TMI-2) nu¬ 
clear power plant. According to NSPE, the 
program pointed the way for the nuclear in¬ 
dustry in hazardous waste cleanup. Eight 
other projects will also receive the society’s 
25th annual awards for Outstanding En¬ 
gineering Achievement 
Two winners of particular interest to elec¬ 
trical engineers are the prefabricated Sidney 
A. Murray Jr. Hydroelectric Station, situated 
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Come hang your hat in Texas! 

Join us for the 12th lEEE/PES Transmission and Distribution 
Conference and Exposition in Dallas, Texas U.S.A. 



Mark September 22-27, 1991, on your 
calendar and mark Dallas, Texas on your 
map. Known as “Big D,” Dallas was one of 
the most colorful and exciting towns in the 
Old West. Now it is a cosmopolitan wonder 
and a center of high technology, making it 
the perfect location for the largest Transmis¬ 
sion and Distribution Conference and Expo¬ 
sition in the world. 

The Cottfetettce theme is “T and D-. New 
Technological Frontiers.” It reflects the 
emergence of new information and materials 
technologies as the most important factors 
influencing the recent advances in power 
transmission and distribution systems. It 
offers an excellent opportunity to put these 
recent advances in perspective through a 


comprehensive technical program including 
transaction and conference paper sessions, 
panel sessions and tutorials. 

For more information complete and mail 
the coupon below. 



12th lEEE/PES Transmission and Distribution 
Conference and Exposition 
c/o Steve Williams 
Marketing Committee Chairman 
2001 Bryan Street, Suite 1680 
DaUas.TX 75201 
\3SA 

complete registration materials 
information on exhibiting at the Exposition 
Job Title . 












TableCurve" 


One step fits 
221! equations to 
your KY data. 
Automatically. 

In less than 
7 seconds.* 


With ThbleCurve'" finding the best formula to 
fit your data couldn't be simpler.. .or faster. 

■ Flexible Data Input - input from Lotus" 
dBase ” ASCII and many other file 
formats, or manually from the keyboard. 

■ Data Manipulation - smooth data, 
weight data, or apply standard math 
calculations. 

■ Curve Fitting - 221 candidate equations 
including Gaussian, log-normal, sigmoidal, 
sine, and user-defined-ranked by best fit 
and interactively displayed. 

Circle 


■ Speed* - an 8MHz PC AT, with math 
coprocessor, will process 221 equations 
(50 data points) in 6.8 seconds. 

More powerful systems are much faster. 

■ Output - supports most dot-matrix 
and LaserJet" printers. Output directly 
to SigmaPlot 4.0", Lotus, ASCII, and 
other formats. 

■ Quality Interface - pull down menus, 
mouse support and more. 

To find out more about TableCurve or other 
scientific and engineering software from 
Jandel, just give us a call. 

No. 34 



in a series of hard-nosed 
questions about software 
for signal analysis. 



HirboLab is a new menu-driven 
modular software system for signal 
analysis that’s faster than anything 
on the market today: perform a power 
spectrum (FFT, Magnitude) with 
4K input samples in 1.5 seconds 
using a 386/33 with coprocessor! 
TTirboLab is also better and less 
expensive than competitive software 
systems! Check it out! 


aCHSIST-/ 


YOUR 

LIVER= 

YOUR 



► Your liver is 
a &ntastic fac¬ 
tory that manu¬ 
factures blood, vitamins, bile, pro¬ 
tein and amino acids. ♦ 

If this “factory” is mistreated, over¬ 
worked or d^aged, it will shut 
down. And so will you. ♦ 

Fair warning, and perhaps the only 
one you’ll get: you see, your liver 
can’t warn you that it’s going until 
it’s almost gone. ♦ 

So take it easy on your liver. Write 
and we’ll tell you how. 

AMERICAN 
, » LIVER 

lE^]] FOUNDATION 
Cedar Grove, 
NJ07009 



The engineer at large 

140 kilometers northwest of Baton Rouge, 
La., and the Downtown Seattle (Wash.) 
Transit Project—actually an electric-trolley 
tunnel and station system. 

The March 18, 1979, accident at TMI-2 
was extremely serious. Reactor fuel melt¬ 
ed. Fission products escaped into plant build¬ 
ings. A massive amount of molten fuel 
flowed from the reactor core into the rest 
of the reactor vessel. To recover from the 
accident, engineers had to stabilize the plant, 
decontaminate it, and remove the damaged 
reactor fuel to a secure location. Each of 
these steps presented an unprecedented en¬ 
gineering challenge, according to NSPE. 
The recovery effort, which lasted for 11 
years and cost over US $975 million, was led 
by General Public Utilities Nuclear Corp., 
Ftoippany, N.J., and Bechtel Group Inc., 
San Francisco. 

The accident and ensuing recovery effort 
yielded the only data yet available on core 
damage progression, fission product release, 
vessel margin-to-failure, and pressure con¬ 
ditions for a full-scale reactor system. At 
present, the plant is in a stable and safe con¬ 
dition, and the nuclear industry has new 
technology and a data and experience base 
for engineers and managers to apply in the 
future, said NSPE. 

The Murray Hydroelectric Station, the 
first such installation in Louisiana, is the 
largest prefabricated power plant in the 
world. Eight turbines and ancillary gener¬ 
ating equipment were built in Europe. The 
24 000-metric-ton power plant itself was 
built 333 kilometers down river at a New 
Orleans shipyard and towed up the Missis¬ 
sippi River to the foundation constructed at 
the project site. The 192-megawatt facility 
will provide electricity for 200 000 people 
and has a life expectancy of over 100 years. 

The heart of the Seattle transit project is 
a 21-km electric trolleybus tunnel through 
the city’s center, the only one in the world 
built exclusively for electric buses. The $459 
million project also includes five stations and 
a surface electric-bus system. 

The two-block-long stations accommodate 
up to four buses, which operate under diesel 
power outside downtown Seattle but switch 
to electric traction before entering the tun¬ 
nel and the downtown core of the city. 
What’s more, station platforms and tunnel 
grades and turning radii were all designed 
with a future light-rail system in mind. 

Other winners of the NSPE engineering 
achievement awards included a system for 
supplying diesel fuel from ship to shore in 
a battlefield environment, and an unfinished 
nuclear power plant in Midland, Mich., that 
was converted to natural-gas-fueled power 
generation. 


COOROmm Alfred Rosenblatt 
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BALTIMORE CONVENTION CENTER, 
BALTIMORE, MARYLAND 

Conference—May 12-17 
Exhibition—May 14-16 


Innovative Solutions for 
Manufacturing, Production, 
and Research 


From semiconductor & material processing to medical & biomedical to chemical to tooling to 
remote sensing and more, laser & electro-optic technology is revolutionizing today's industry. 
Learn how this technology can provide innovative solutions to problems in your 
work. 


The Most Important 
Conference/Exhibition on 
Lasers & Electro-optics 


Learn the Basics 


The Conference on Lasers and Electro-Optics (CLEO®) is internationally renowned 
and is considered the most ir^ortant conference and exhibit on lasers and 
electro-optics. In 1991, CLEO wiU be held jointly with the Quantum Electronics and 
Laser Science (QELS) conference. The combined meetings will offer more than 1,000 
refereed technical papers of the highest quality. 

More than twenty half-day short courses will be offered for engineers and technical 
managers who wish to explore new technologies. From Fundamentals of Lasers to 
Soft-X-Ray Science and Technology to Fiber-Optic Sensors to Tunable Solid-State Lasers 
and more, these short courses are given by recogiuzed leaders in their respective 
fields. 


The World’s Largest Exhibition 
Devoted Exclusively to 
Lasers & Electro-optics 

CLEO* 

Sponsored by: 

lEEE/Lasers & Electro-Optics Society 
Optical Society of America 
QELS 

Sponsored by: 

APS/Laser Science Topical Group 
lEEE/Lasers & Electro-Optics Society 
Optical Society of America 


From the latest technology supporting research to iimovative methods of production 
to products incorporating lasers and electro-optics for commercial and consumer 
applications, CLEO® offers attendees the opportimity to see the latest products and 
services from over 350 leading companies from around the world. 

Gain hands-on knowledge of the latest equipment! The technical expertise of the 
representatives from the exhibiting companies is a unique feature at CLEO® and 
offers you an opportunity to find new and iimovative solutions to your industries' 
problems that may not have been previously considered. 



Check off the boxes at right to 
identify the additional information 
you need, and mail this coupon to: 

CLEO®/QELS -91 
C/o: Optical Society of America 
2010 Massachusetts Avenue, NW 
Washington, DC 20036 

or call the CLEO® Exhibits Dept, at 
(202) 223-0037, or fax this coupon 
to (202) 416-6140 


I need information on: 

□ technical conference registration 

□ exhibiting my company’s products 

□ complimentary pass and information on the 

exhibits & product presentations 

Name_Job Title_ 

Company_ 

Address_ 

City_State_Zip_ 


Fax_A 6 
























Pro gram notes 


Editing made easy 

Complex documents, like com¬ 
plex software, are typically 
created from smaller segments. 
But building complex documents 
is the harder job, because the 
document segments are often 
not in the same format and must 
then be translated into a com¬ 
mon format first. 

Software engineers now use 
object-oriented programming 
techniques to build complex 
documents [see “The case for 
object-oriented databases,” 
February 1991, pp. 44-47]. 
Treating the segments as objects 
with data in a specified format 
has several advantages. 

First, if the segment is 
embedded in the larger docu¬ 
ment as an object, none of the 
information in the segment is 
eliminated. When a vector 
graphics drawing, say, is trans¬ 
lated to a bit map in the larger 



OLE server applications like drauring and spreadsheet programs store objects in several libraries. The 
objects are linked by DDE to OLE libraries for client applications like word-processing programs. 


document, it cannot be enlarged 
without loss of resolution; but 
when a vector graphical object 
is embedded in the larger docu¬ 
ment, there is no loss of resolu¬ 
tion when it is scaled. Second, 


if the segment is linked to the 
larger document as an object, 
changes in the segment are hot- 
linked to the larger document. 
Thus, when a spreadsheet con¬ 
taining a table is linked to the 


larger document, changes in the 
table automatically appear in the 
larger document because the lat¬ 
ter reads the current spread¬ 
sheet, not an older version. 

Microsoft Corp. has always 


MathType. The best thing for 
^writing equations smce chalk. ^ 


No programmitig languages to 
learn. No codes to remember. 

W ith MathType you create 
and add equations to your 
document by using simple 
point-and-click techniques. All 
without quitting your word 
processor. 

MathType has an intuitive 
^ WYSIWYG 
^ (What You See 
^ Is What You 
l Get) interface. 

Over 175 mathemat¬ 
ical symbols and 
templates, conven¬ 
iently arranged in 
pull-down menus. 






With MathType, equation writing 
is as easy as filling in the blanks. 

Now you can create typeset- 
quality technical documents easily 
and quickly. 


Complete Software Packages: 
PCIWindows version: $249 
Mac version: $149 


g^ MathT^e 

EyUATIONS FOR WORD PROCESSING 

r Design Science inc., 4028 Broadway, Long Beach, CA 90803 

1-800-827-0685 
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EMPLOYIVIENT OPPORTUNITIES 


Organizations seeking engineers and scientists describe their various openings in the foiiowing advertising section 

In order to conform to the Age Discrimination in Employment Act and to discourage age discrimination, IEEE may reject any advertisement containing 
any of these phrases or similar ones, "recent college grads,” “1-4 years maximum experience,” “up to 5 years experience,” or “10 years maximum ex¬ 
perience.” IEEE reserves the right to append to any advertisement, without specific notice to the advertiser, “Experience ranges are suggested minimum 
requirements, not maximums." IEEE assumes that, since advertisers have been notified of this policy in advance, they agree that any experience require¬ 
ments, whether stated as ranges or otherwise, wiii be construed by the reader as minimum requirements oniy. While IEEE does not ban the use of the 
term ‘tentry level,” Its use is discouraged since, to some, it connotes an age rather than an experience designation. IEEE accepts employment advertising 
to apprise its members of opportunities. Interested parties should be aware that the political and humanistic values of certain advertisers may differ 
from their own. IEEE encourages employers to offer salaries that are competitive, but occasionally a salary may be offered that is significantly below 
currently acceptable levels. In such cases the reader may wish to inquire of the employer whether extenuating circumstances apply. 

To place an advertisement in Spectrum’s Employment Opportunities section, contact the nearest Spectrum sales office 
New York Boston Philadelphia Chicago San Francisco Ijos Angeles Atlanta Dallas 

212-705-7760 508-896-5930 215-368-8232 708-446-1444 415-541-0377 213-649-3800 404-256-3800 214-991-8799 

For production/mechanical information contact Wendy I. Goldstein Advertising Production Manager, 212-705-7579 
IEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 


Engineering & 
Computing 



The Boeing Company is working on some of the most exeiting 
programs in aviation. 

Right now, we need the best and the brightest people to fill 
positions in these categories: 

• Ada Software Development • Computing Professionals 
and Real Time Embedded 

Software Engineers • Flight Control Engineers 

Engineering positions require a B.S. degree and a minimum 
of three years of applicable industry experience. All positions 
are located in the beautiful Pacific Northwest near Seattle, 
Washington—one of the nation’s most livable cities and the 
top-ranked city for recreation. 

If you have what it takes to join our team, send your resume, 
with current and expected salary requirements, to Boeing 
Employment Office, PO. Box 3707-LDM, Seattle, WA 98124— 
Attn: Etna Gray. 

Or fax your resume, in strictest confidence, to our 24-hour 
fax line: 1-800-525-1036. (Please note “LDM”on your resume.) 
Principals only, please. An equal opportunity employer. 
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IT'S LIKE 
COMING HOME 
AGAIN. 

The comfortable lifestyle of cen¬ 
tral Illinois: • caring, friendly peo¬ 
ple • affordable housing • lower 
cost of living • good elementary 
and secondary schools • higher 
education and cultural activities at 
nearby Millikin University, Illinois 
State University and the University 
of Illinois • freedom from conges¬ 
tion, bumper-to-bumper commut¬ 
ing and parking problems • year 
'round 4-season recreational activi¬ 
ties. All this, plus a meaningful 
career at Illinois Power. Help us 
serve the gas and electricity needs 
of over a half million customers. 

immediate Openings 

PROJECT ENGINEER - AR/PR 

Minimum of 5 years of experience 
in operating nuclear plant on-line 
radiation monitoring system 
which is microprocessor con¬ 
trolled. Familiarity with Eberline 
process radiation and area radia¬ 
tion monitors is essential. Salary: 
high $40's to low $50's. 

NUCLEAR ELECTRICAL DESIGN - 
PRDJEa ENGINEER/SPECIALIST 

Work experience and knowledge 
in nuclear power plants desired. 
Minimum of 4-6 years work 
experience. Salary: high S40's to 
low SSO's. 

SUPERVISING ENGINEER - 
ENVIRONMENTAL QUALIFICATION 

Minimum of 8 years experience in 
environmental qualification with 
strong nuclear background, design 
and systems knowledge of BWR. 
Salary: Mid S40's to low SSO's. 

ELECTRICAL DESIGN - 
STAFF ENGINEER/SPECIALIST 

Experience in relay and breaker 
coordination preferred. Minimum 
of 3 years work experience 
desired. Salary: low to mid S40's. 

TECHNICIANS 

Opportunities in control and 
instrumentation, health physics, 
electrical, mechanical and chemis¬ 
try. Commerciai nuclear, military 
or industrial experience preferred. 
Salary: mid SSO's. 

For consideration, send your 
resume, indicating the position for 
which you are applying, to: 

R. Murphy, ILLINOIS POWER, Clinton 
Power Station, Mall Code V-405, P.O. Box 
678, Clinton, IL 61727; or Fax resume 
to; (217) 424-6462. An equal oppor¬ 
tunity employer m/f/h/v. 


ILLINOIS 

PipWER 


Calendar 


(Continued from p. 14D) 

Larry Coldren, University of California, 
Department of Electrical Engineering and 
Computer Engineering, Santa Barbara, 
CaHf. 93106; 805-893-4486. 

Eighth IEEE Pulsed Pbwer Conference 
(ED): June 17-19; Sheraton Island Harbor 
Hotel, San Diego, Calif.; Roger White, Max¬ 
well Laboratories Inc., 8888 Balboa Ave., 
San Diego, Calif. 92123; 619-576-7884. 

University/Govemment/Industry Con¬ 
ference (ED); June 18-20; Melbourne Holi¬ 
day Inn, Oceanside, Fla.; Thomas Sanders, 
Florida Institute of Technology, 150 W. 
University Blvd., Melbourne, Fla. 32901; 
407-768-8000, ext. 8769/8763. 

Joint Magnetism and Magnetic Mater- 
ials-Intermag Conference (MAG); June 
18-21; Pittsburgh Hilton, Pittsburgh; Diane 
Suiters, Conference Coordinator, 655 15th 
St., N.W., Suite 300, Washington, DC. 
20005; 202-639-5088; fax, 202-347-6109. 

SSIT Interdisciplinary Conference 
(SSIT); June 21-22; Ryerson Polytechnical 
Institute, Toronto, Ont.; Diane FaUoier, Pro¬ 
gram Director Conferences, Ryerson Poly¬ 
technical Institute, 350 Victoria St., Toron¬ 
to, Ont., Canada M5B 2K3: 416-979-5184; 
fax, 416-979-5148. 

International Conference on Commu¬ 
nications (COMP); June 23-26; Denver 
Technical Center, Hyatt and Sheraton, Den¬ 
ver, Colo.; Russell Johnson, Western- 
Telecommunications Inc., 4643 S. Ulster 
St., Suite 400, Denver, Colo. 80237; 
303-721-5650. 

Antennas and Propagation Society In¬ 
ternational Symposium and URSI Na¬ 
tional Radio Science Meeting (AP); 
June 23-27; University of Western Ontario, 
London, Ont., Canada; A. R. Webster, 
Faculty of Engineering Science, University 
of Western Ontario, London, Ont., Canada 
N6A5B9 : 519-679-6294. 

International Symposium on Informa¬ 
tion Theory (IT); June 23-28; Budapest 
Conference Center, Budapest, Hungary; 
Anthony Ephremides, Department of Elec¬ 
trical Engineering, University of Maryland, 
College Park, Md. 20742; 301-405-3641. 

Power Electronics Specialist Confer¬ 
ence- PESC ’91 (PEL): June24-28; Mas¬ 
sachusetts Institute of Technology (MIT), 
Cambridge: Martin Schlecht, MIT, Room 
39-553, Cambridge, Mass. 02139; 
617-253-3407. 

(Continued on p. 86F) 



The Electrical Engineering Department of Sega 
Inc. Is seeking degreed P.E.'s with a minimum of 
10 years' experience in one or more of the 
following areas: 

• Generating station electrical auxiliary 
system, raceway system, and wiring 
system design 

• Outdoor transmission or distribution 
substation equipment, buswork, structure, 
and wiring system design 

Experience preferred in all stages of consulting 
work from conceptual design through equipment 
specifications, construction contract documents, 
construction administration and field start up. 
Candidates should possess good client interface 
and design supervision skills. 

Sega is an employee-owned company whose 
continued growth is due to our reputation of pro¬ 
viding quality engineering and technical services. 
If you want to be part of this enthusiastic organi¬ 
zation please send your resume to: 

Patricia Cavanah, Personnel Administrator, 
Sega Inc. 

PO. Box 23158, Overland Park, KS 66223 
(913)681-2881 




An Equal Opportunity Emptoyar 


ISSA/NSA 

POLY 


USE YOUR “TICKETS’’ 

FOR FASTER CAREER GROWTH 

Put our 25-1- years experience plac¬ 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231 -9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALL AC H 

associates, inc. 



Washington Science Center 
6101 Executive Boulevard 
Box 6016 

Rockville, Maryland 20849-6016 
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NEW GUTS. 
NEW GLONY. 


Redefining the future of home entertainment is a 
monumental challenge. It takes vision. Knowledge. 
And the guts to believe in your ideas to see them 
through from start to finish. 

Thesequalities typify the Research S-Develop¬ 
ment Engineers at Thomson Consumer Electronics, 
designer and manufacturer of quality RCA and GE 
brand consumer electronics products. 

Research & Development Engineers at our 
Indianapolis advanced development facility, part of 
an international network of R&D centers, are hard at 
work develop! ng exciti ng new television technologies 
including High Definition Television. 

If you're an R&D Engineer with a gutsy 
approach to Video Signal Processing, Deflection 
Development, Microcomputer Development, Audio 
Design or ASIC Design expertise, you may have what 
it takes to share in the glory of bringing exciting new 
products from concept to reality at Thomson 
Consumer Electronics. 

For more information on opportunities 
currently available, please send your resume and 
recent salary history, in confidence, tO: Professional 
Relations, M.S. 27-134-G, Thomson Consumer 
Electronics, P.O. Box 1976, indianapolis, IN 
46206-1976, or FAX to (317) 231-4203. An Equal 
Opportunity Employer. 

O THOMSON CONSUMER ELECTRONICS 






GF.ORGIA INSTITl TE OF TECHNOLOGY 
GEORGIA TECH RESEARCH INSTITl TE 

DIRECTORS 
SOUGHT FOR 
NEWLY INAUGURATED 
LABORATORIES 


A significant restructuring of the Georgia 
Tech Research Institute (GTRI) has created 
challenging opportunities for new Laboratory 
Directors who ate dynamic leaders in their 
field. Each must have demonstrated ability to 
develop sponsored research and manage exten¬ 
sive technical research programs. Prerequisites 
include a masters degree (Ph.D. preferred), in 
an appropriate discipline, with at least 10 years 
related experience, preferably in an R&D envi¬ 
ronment. Must be U.S. citizen with ability to 
obtain DoD security clearance. The oppor¬ 
tunities relate to these laboratories: 

ADVANCED TECHNOLOGY LABORATORY; 

threat electronic systems including advanced 
radar, communications, missiles, and acous¬ 
tics, extensive experience with the national 
intelligence community. Code: ATL-23974 

COMMUNICATIONS LABORATORY: 

research in one or mote of the following areas: 
advanced telecommunications, network and 
network management including hardware and 
software aspects, C3I, ECM/ECCM systems, 
communications theory, modeling & simula¬ 
tion. Code: COM-23976 
PHYSICAL SCIENCES LABORATORY; 
research in micro and opto-electronics, MBE, 
MMW technology, electronic reliability, and 
chemical and atmospheric physics. Code: 
PSL-23979 

RADAR & INSTRUMENTATION 
DEVELOPMENT LABORATORY: conducts 
research in radar and other sensor techniques, 
sensor data collection/reduction, and conducts 
major multi-sensor field exercises. Code: RIDL- 
23980 

GTRI offers competitive salaries, outstanding 
benefits, 21 days vacation, and 12 paid holidays 
each year. Send a resume to: Russ Cappello, 
Technical Recruiter, Human Resources 
Department, Code: IES-45, Georgia Tech 
Research Institute, GEORGIA INSTITUTE OF 
TECHNOLOGY Atlanta, GA 30332-0800. 


Geor gia Tech 

researS institute 

AN EQUAL EDUCATION/EMPLOYMENT OPPOKICNITY INSTITUTION 


1C Design Engineer 

Fermilab, a high energy physics laboratory recog¬ 
nized internationally for its engineering and 
physics activities, currently has an opening for an 
innovative engineer in 1C design. We are responsi¬ 
ble for state-of-the-art electronic designs in the 
area of high speed analog and digital circuits for 
use In experiments leading to a basic understand¬ 
ing of the structure of matter. 

We are seeking an individual to use the latest CAE 
and CAD design tools for the design of semi¬ 
custom and custom integrated circuits as well as 
associated support circuits and tools. The job 
includes the development of specifications, design 
and simulation of VLSI chips, and testing of proto¬ 
type devices for use in our unique experimental 
areas. 

Requirements include a MSEE or equivalent train¬ 
ing and a strong interest in 1C design. Experience 
in bipoiar and CMOS chip design is highly 
desirable. 

Fermilab is located in the Fox River Valley west 
of Chicago, Illinois. We offer an excellent benefit 
and salary package. Please respond by mail with 
your resume and salary history to: Mr. James L. 
Thompson, Employment Manager/I3E491, 

Fermi National Accelerator Laboratory, P.O. 

Box 500, Batavia, iL 60510. An Equal 
Opportunity Employer M/F. 


Fermilab 


SENIOR PHYSICISTS 
SENIOR PULSED POWER ENGINEER 


As the world’s leading supplier of precision high voltage elec¬ 
tronics and pulsed power equipmenL Physics International is 
looking for a senior level contributor for management of programs 
and staff; marketing of new products and programs in very high 
peak power devices and advanced X-ray sources; develop a new 
customer base in advanced pulsed power and plasma physics 
R&D; plan marketing and development of new products; provide 
technical leadership, in the development and/or delivery of new 
pulsed power systems; lead a team of physicists, engineers, and 
technicians. 

If you have aB .S., M.S. or Ph.D. with a minimum of 10-15 years 
recent related experience in several pulsed power areas including 
high average power rep-rate pulsed piower systems, high power 
magnetic pulse conditioning, high peak and average power solid 
state devices, light activated solid state devices, high pieak power 
single shot devices (including Marx generators, water lines, v acuum 
tubes, MTTL’s, high power X-ray loads), electron and ion beam 
production and transpoit, andhighpowervacuum opening switches. 
If you enjoy research and developmenL managing programs, 
interfacing with customers, and writing proposals, we would like 
to consider you for our opening. Please forward your resume for 
confidential consideration to: 


Physics International Company 

Olin Defense Systems Group 
M Human Resources Department PT4000 

m E m 2700 Merced Street 

" San Leandro, California 94577-0599 

Physics International offers an excellent salary 
and benefits package, including relocation. 
EOE/f/m/h/v. U.S. Citizenship Required. 


Olin 



















So you 

thought you had 
our number. 


AT&T Microelectronics/Reiuiing 


But the old days have come and gone. Now, at AT&T 
Microelectronics in Reading, PA, you’ll find a whole new 
attitude. More aggressive, tenacious and competitive. Our 
people have the authority and flexibility to help us compete 
in new markets, and our IC technology is unmatched in 
the industry. If you can excel in this environment, then 
you’ve got our number. 

New Product Line Manager 

Responsible for identifying new markets for high 
voltage IC products, you will need a BS and 5+ years of 
experience with solid state relays, and business plan 
development; IC design and/or applications experience 
is desirable. 

Strategy Marketing Manager 

To develop long range power IC market position, 
technology direction and product line implementation, 
you will need product definition skills (power IC, supply 
design or field applications engineering background), a 
BSEE and MBA or equivalent marketing/sales experience. 

Product Marketing Engineers 

We have several positions available for Product Mar¬ 
keting Engineers with 5+ years of experience and a BSEE. 

One position involves developing new clients and 
product lines and requires background in ASIC and ECL. 
IC design and applications engineering experience 
preferred. 

The second position is responsible for linear product 
marketing to major telecommunications accounts and 
requires program and project management experience. 


You should be accomplished in major account develop¬ 
ment and be able to handle P&L responsibility. 

The third position will interface with design, appli¬ 
cations, process and product engineering, and requires 
linear bipolar expertise. Experience with custom and 
semi-custom IC development, proposal development, 
demand forecasting and pricing are required. 

Applications Engineer 

You will need a BSEE and 5+ years of experience in 
linear bipolar, custom and semi-custom IC design and 
layout. Knowledge of instrumentation and measurement, 
ATE, cellular telephone and mass storage is essential. 

Senior CAD Engineer 

Responsible for supporting both internal and com¬ 
mercially available systems, your background should 
include 5+ years of experience with analog/digital (ECL) 
bipolar CAD. Experience with the Cadence Analog Artist, 
Mentor Graphics or Valid Analog Workbench desirable. 

Join us in Reading and experience the best of the 
American lifestyle. Good schools, affordable housing and 
friendly neighbors. Whether you enjoy camping, skiing, 
golf or boating, the nearby Pocono Mountains have it all. 
And when you’re ready for the action of the big city, we’re 
just a short trip to New York, Philadelphia or Washington. 
For confidential consideration, send your resume, indicating 
position of interest, to: P.E. Henderson, Dept. 1000/IEEE, 
AT&T Microelectronics/Reading Works, P.O. Box 13396, 
2525 North 12th Street, Reading, PA 19612-3396. An 
equal opportunity employer. 






ELECTRICAL/ 

INSTRUMENTATION 

ENGINEER 

Columbus, Ohio 

Since 1912, Burgess & Niple, Limited 
has had a tradition of providing quality 
service to our clients. As our growth 
continues, we have an immediate 
need for an Electricai/lnstrumentation 
Engineer in our Columbus, Ohio 
headquarters. 

You will be responsible for the design 
of electrical, process instrumentation 
and power distribution systems. The 
qualified candidate will have a mini¬ 
mum of 8 years’ electrical, instrumen¬ 
tation experience for a variety of proj¬ 
ects, and a BSEE and RE. 

If interested in this unique opportunity, 
call collect 614/459-2050, or send re¬ 
sume in confidence to: 

Patricia Forster 
Human Resource Department 
BURGESS & NIPLE, LIMITED 
5085 Reed Road 
Columbus, Ohio 43220 


An Equal Opportunity Employer 
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Calendar 


(Continued from p. 86B) 

Transducers ’91: International Solid- 
State Sensors and Actuators Confer¬ 
ence (ED); June 24-28; Hyatt Regency 
Hotel, San Francisco; Richard S. Muller, 497 
Cory Hall, Berkeley Sensor and Actuators 
Center, University of California at Berkeley, 
Berkeley, Calif. 94720; 415-642-0614. 

American Control Conference-ACC 
’91 (CS); June 26-28; Boston; Timothy 
Johnson, General Electric Co., Research and 
Development, KWD 217, Box 8, Schenec¬ 
tady, N.Y. 12345; 518-387-5096. 


JULY 


28th IEEE Nuclear and Space Radia¬ 
tion Effects Conference (IEEE Nuclear 
and Plasma Sciences Society); July 15-19; 
Town and Country Hotel, San Diego, Calif.; 
James R. Schwank, Sandia National Labora¬ 
tories, Division 2144, Box 5800, Albuquer¬ 
que, N.M. 87185; 505-846-8485. 

Power Engineering Society Summer 
Meeting (PE); July 28-Aug. 1; Marriott 
Hotel, San Diego, Calif.; T.M. Winter, San 
Diego Gas & Electric Co., 101 Ash St., Box 
1831, San Diego, Calif. 92112; 714-2324252. 


AUGUST 


26th Intersociety Energy Conversion 
Engineering Conference-IECEC ’91 
(ED); Aug. 3-9; Boston Marriott Hotel, 
Boston; Patrick Bailey, Lockheed Missiles 
& Space Co., 1111 Lockheed Way (59-32- 
535), Sunnyvale, Calif. 94088; 408-756- 
4268. 

Cornell Conference on Advanced Con¬ 
cepts in High Speed Semiconductor 
Devices and Circuits (ED); Aug. 5-7; 
Cornell University, Ithaca, N.Y.; R.J. Trew, 
North Carolina State University, Electrical 
and Computer Engineering Department, 
Box 7911, Raleigh, N.C. 27695; 919-737- 
2336. 

International Symposium on Elec¬ 
tromagnetic Compatibility-EMC ’91 
(EMC et al.); Aug. 13-15; Hyatt Cherry Hill 
Hotel, Cherry Hill, N.J.; Henry W. Ott, 45 
Baker Rd., Livingston, N.J. 07039; 201- 
386-6660. 

Workshop on the Future of Electronic 
Power Processing and Conversion (lA); 
Aug. 28-29; Kruger National Park, South 
Africa; William Portnoy, Texas Tech Univer¬ 
sity, Department of Electrical Engineering, 
Box 4439, Lubbock, Texas 79409-3102; 806- 
742-3533. 


SEPTEMBER 


Bipolar Circuits and Technology Meet¬ 
ing (ED); Sept. 9-10; Minneapolis Marri¬ 
ott Hotel, Minneapolis, Minn.; John Shier, 
2401 E. 86th St., Bloomington, Minn. 
55425; 612-851-5228. 

Petroleum and Chemical Industry 
Technical Conference (lA); Sept. 9-11; 
Royal York, Toronto; Barry Wiseman, Reli¬ 
ance Electric Co., 5220 Creekbank Rd., 
Mississauga, Ont., Canada L3W 1X1; 
416-625-8112. 

Third International Conference on 
Microstructures in Biological Re¬ 
search (ED); Sept. 9-12; Fort McGruder 
Inn and Conference Center, Williamsburg, 
Va.; Martin Peckerar, Naval Research 
Laboratory, 4555 Overlook Avenue, S.W, 
Washington, D.C. 20375-5000; 202-767- 
3150. 

Seventh Multidimensional Signal 
Processing Workshop (SP); Sept. 23-25; 
Whiteface Inn, Lake Placid, N.Y.; John 
Woods, Computer and Systems Engineer¬ 
ing, Rensselaer Polytechnic Institute, Troy, 
N.Y. 12181; 518-276-6079. 

18th International Conference on 
Computers in Cardiology (COMP et al.); 
Sept. 23-26; Venice, Italy; Corso Stati Uniti 
4,35020 Padova, Italy; (39 -h49) 829 5702. 

International Symposium on Gallium 
Arsenide and Related Compounds 
(ED); Sept. 23-26; Seattle, Wash.; L. Ralph 
Dawson, Sandia National Laboratories, Di¬ 
vision 1144, Albuquerque, N.M. 87185; 505- 
845-8920. 

Fourth Annual International Applica¬ 
tion Specific Integrated Circuits Con¬ 
ference and Exhibit (IEEE Rochester et 
al.); Sept. 23-27; Rochester Riverside Con¬ 
vention Center, Rochester, N.Y.; Kenneth W. 
Hsu, Department of Computer Engineering, 
Rochester Institute of Technology, Roches¬ 
ter, N.Y. 14623; 716-475-2655; fax, 716-475- 
6879. 

Industry Applications Society Confer¬ 
ence (lA); Sept. 28-Oct. 4; Hyatt Regen¬ 
cy, Dearborn, Mich.; William Moylan, Moy- 
lan Engineering Associates, 13530 Michigan 
Ave., Dearborn, Mich. 48126; 313-582-9880. 


BCTBBER 


International Joint Power Generation 
Conference-IJPGC ’91 (PE); Oct. 6-9; 
Town and Country Hotel, San Diego, Calif.; 
M. Scalice, ASME, 345 E. 47th St., New 
York, N.Y. 10017; 212-705-7053. 
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University of California, Berkeley 
Institute of Transportation Studies 
Program on Advanced Technology for the Highway 

Research Positions Available 

The Institute of Transportation Studies is seeking researchers for six positions in its Program on Advanced Technology for 
the Highway (PATH), a major research program in the field of intelligent vehicle/highway systems (IVHS). It involves research, 
development, and testing of advanced technologies for highway transportation, including automation, advanced information 
and management systems, and ciean propulsion technologies. 



Communications Systems Project Manager—Job ITS-29 

Duties and Responsibilities: Deveiop projects involving all aspects of 
IVHS communications technology, including vehicle-to-vehicle, vehicle- 
to-roadway (and the reverse), and local-to-central (and the reverse) on 
the roadway side. In consultation with faculty researchers and more 
senior PATH research staff, formulate RFPs for acquisition of outside 
technical sevices to develop and/or evaluate communication technolo¬ 
gies needed by PATH, evaluate proposals, and supervise contractor(s) 
performing the work. Coordinate contractor activities with related work 
by other PATH staff and faculty and graduate student researchers. 
Qualifications: M.S. or equivalent in Electrical Engineering or related 
field plus at least five years of experience. Applicants must have a good 
knowledge of a broad range of communication technologies, as well 
as knowledge of issues in research and development contracting. Prior 
project management experience is desirable but not essential. 
Salary Range: $38,448 - 76,860 per year, title and salary to be deter¬ 
mined depending on qualifications (Payroll Title: Associate Specialist 
or Specialist). 

Sensor Technology Project Manager—Job ITS-30 

Duties and Responsibilities: Develop projects involving all applications 
of sensors to PATH program needs, including sensors that could be 
mounted on vehicles or on the wayside to serve a wide variety of func¬ 
tions. In consultation with faculty researchers and more senior PATH 
research staff, formulate RFPs for acquisition of outside technical services 
to develop and/or evaluate sensor technologies of interest to PATH, evalu¬ 
ate proposals, and supervise contractor(s) performing the work. Coor¬ 
dinate contractor activities with related work by other PATH staff, faculty, 
and graduate student researchers. This position reports to the Vehicle 
Dynamics and Control Program Manager within the PATH program. 
Qualifications: M.S. or equivalent in Electrical Engineering or related field 
plus at least five years of experience. Applicants must have a good 
knowledge of the various sensor technologies and their current states 
of development, as well as knowledge of issues in research and de¬ 
velopment contracting. Prior project management experience is desirable 
but not essential. 

Salary Range: $38,448 - 76,860 per year, title and salary to be determined 
depending on qualfications (Payroll Title: Associate Specialist or Specialist). 
Electric Vehicle Program Manager—Job ITS-31 
Duties and Responsibilities: Lead PATH activities in electric and hybrid 
vehicle system research and development, including continuations of 
current activities in roadway electrification technology development and 
evaluation. Seek extramural funding support for research to be con¬ 
ducted by a mixture of faculty and graduate student reearchers, staff 
researchers and contractors, and coordinate the activities of these 
diverse participants. Manage staff and contractor activities directly. This 
position reports to the PATH Program Technical Director. 
Qualifications: Ph.D. or equivalent in Electrical Engienering or a relat¬ 
ed field with substantial experience, or M .S. or equivalent plus at least 
twelve years of experience in electric vehicle technology development. 
The work experience should include a mix of research and manage¬ 
ment responsibilities, and applicants should have sufficient stature in 
the electric vehicle community to be able to market effectively to potential 
research sponsors. Excellent oral and written communication skills and 
publications record are required, while technical specialization can be 
in any of several relevant fields as applied to electric vehicles (batter¬ 
ies, powertrains, electrical power systems, etc.). 

Salary Range: $49,716 -115,500 per year, title and salary to be deter¬ 
mined depending on qualifications (Payroll Title: Associate Research 
Engineer, Research Engineer or Specialist). 


Network Analysis Project Manager—Job ITS-33 

Duties and.Responsibilities: Lead PATH research in network modeling 
and routing and scheduling methods. Coordinate PATH staff research 
activities with faculty researchers to avoid duplication of efforts and 
to identify significant research issues that need attention. Recommend 
most appropriate means for addressing those new research issues 
(faculty and/or staff research and/or contracting for outside services). 
Develop and manage the PATH research staff for network modeling and 
routing and scheduling work. Communicate research results through 
reports and publications. 

Qualifications: Ph.D. or equivalent in Operations Research or a related 
field plus at least three years of experience, or M.S. or equivalent plus 
ten years of experience in working on applicable problems. The ex¬ 
perience should be primarily be in research, but some project manage¬ 
ment experience is very desirable. Applicants should have strong 
publications and professional activities to demonstrate stature in the 
research community. 

Salary Range: $49,716 - 115,500 per year, title and salary to be de¬ 
termined depending on qualifications (Payroll Title: Assistant Research 
Engineer, Associate Research Engineer, Research Engineer, or Spe¬ 
cialist). 

Factory Automation Researcher—Job ITS-34 

Duties and Responsibilities: Apply knowledge of factory automation tech¬ 
nology to the highway automation issues being addressed by PATH. 
Identify potential for technology transfer from current international work 
on automated guided vehicles (AGVs),to the automation of road vehi¬ 
cles. Maintain contact with the international research community in fac¬ 
tory automation. Define and execute PATH research projects that can 
show the applicability of AGV developments to general road vehicles. 
Communicate results through reports and publications individually or 
in collaboration with other researchers. 

Qualifications: Ph.D. or equivalent in Engineering or M.S. or equivalant 
plus at least five years of technical work experience with AGVs. Appli¬ 
cants should have sufficient publications and professional activities to 
demonstrate the stature needed to communicate effectively with mem¬ 
bers of the international research community. 

Salary Range: $49,716 -115,500 per year, title and salary to be deter¬ 
mined depending on qualifications (Payroll Title: Assistant Research 
Engineer, Associate Research Engineer, Research Engineer, or Spe¬ 
cialist). 

Autonomous Land Vehicle Researcher—Job ITS-35 

Duties and Responsibilities: Apply knowledge of state-of-the-art defense 
technology to the highway automation issues being addressed by PATH. 
Identify potential for technology transfer from current work on autono¬ 
mous land vehicles (ALVs) or pilots’ associates to the automation of 
road vehicles. Maintain contact with the relevant international research 
communities. Define and execute PATH research projects that can show 
the applicability of ALV or other defense-oriented vehicles control tech¬ 
nologies to general road vehicles. Communicate results through reports 
and publications. 

Qualifications: Ph.D. or equivalent in Engineering or M.S. or equiva¬ 
lent plus at least five years of technical work experience with ALVs. 
Applicants should have sufficient publications and professional activi¬ 
ties to demonstrate the stature needed to communicate effectively with 
the relevant members of the international research community. 
Salary Range: $49,716 -115,500 per year, title and salary to be deter¬ 
mined depending on qualifications (Payroll Title: Assistant Research 
Engineer, Associate Research Engineer, Research Engineer, or 
Specialist). 


Start Date: Approximately June 1, 1991. Initial appointment for 3 years; reappointment subject to availability of extramural funds. 

To Apply: Send curriculum vitae and the name/address of three references to: Director, Institute of Transportation Studies, 109 McLaughlin 
Hall, University of California, Berkeley, CA 94720. Please refer to job number listed above. 

Deadline: April 30, 1991 or 30 days from the publication of this advertisement, whichever is later. 


The University of California is an Equal Oportunity, Affirmative Action Employer 






AND 


AIR WARFARE 
SYSTEMS 


The Institute for Defense Analyses has a few open¬ 
ings in its Operational Evaluation Division for expe¬ 
rienced analysts with strong engineering #id 
scientific backgrounds. IDA, a Federally Funded 
Research and Development Center, serving the 
Office of the Secretary of Defense, the Joint Chiefs 
of Staff, and other Defense agencies, brings analyti¬ 
cal objectivity and understanding to the most com¬ 
plex issues and questions of national security. 

These new positions afford a unique opportunity to 
assist the Office of the Secretary of Defense in test¬ 
ing and evaluating the next generation of land com¬ 
bat and air warfare systems. A combination of 
technical and analytical experience is desired in the 
following areas: 

• Advanced armor and anti-armor systems 

• Modern artillery and combat support systems 

• Air warfare; platforms, weapons, sensors 

• Command, control, communications 
To address issues of: 

• System effectiveness and suitability in the con¬ 
text of mission performance 

• Test and evaluation in the context of the acquisi¬ 
tion process 

We are looking for effective problem solvers and 
leaders with creativity, resourcefulness, and good 
oral and written communication skills. Requirements 
include a Ph.D. or equivalent in Engineering, 
Physical Sciences, or Operations Research, and a 
proven record of accomplishment. 

IDA offers excellent opportunities for professional 
development in a superior environment. Expect a 
competitive salary, excellent benefits, and the chance 
to contribute substantially to the solution of urgent 
and critical problems facing our nation. 

If this kind of future appeals to you, we urge you to 
investigate a career with IDA. Please forward your 
resume to: 

Mr. Thomas J. Shirhall 
Manager of Professional 
Staffing 

Institute for Defense Analyses 
1801 N. Beauregard Street 
Alexandria, VA 22311 


An equal opportunity employer. U.S. citizenship required. 


IDA 


DHVQIPIQTQ 

PULSED POWER ENGINEERS 

Are you looking for an environment in advanced re¬ 
search and development that is STIMULATING and 
CHALLENGING, and where your effort wUl be RE¬ 
WARDED and RECOGNIZED? 

Physics International is the world’s leading supplier of 
precision high voltage electronics and pulsed power 
equipment. Our team is looking for individuals with a 
Ph.D. in physics or engineering, or equivalent, to design, 
execute, and analyze experiments on terawatt pulsed power 
systems including vacuum opening switch development; 
magnetically insulated transmission lines; radiation source 
development; plasma diagnostic development for vacuum 
opening switches and X-ray lasers. Expertise with wide 
bandwidth, transient digital data acquisition systems and 
familiarity with VAX or micro-computer data analysis 
desirable. 

If you are interested in joining a company on the edge of 
advanced technology, we would like to consider you for 
one of our openings. Please forward your resume for 
confidential consideration to: 

Physics International Company 

Olin Defense Systems Group 

M Human Resources Department PT4026 

m M m 2700 Merced street 

■ ^ " San Leandro, California 94577-0599 
Physics International offers an excellent salary 
and benefits package, including relocation. 
EOE/f/m/h/v. U.S. Citizenship Required. 


'if 

Olin 


TRANSMISSION 
DESIGN ENGINEERS 

Over eight million people in Chicago and northern Illinois 
rely on Commonwealth Edison. Our service-oriented 
philosophy, coupled with a visionary approach, has helped 
make us one of the nation's most successful utility 
companies. 

The following openings exist for experienced professionals 
who are able to plan and meet job schedu les and possess 
a working knowledge of computers in engineering 
applications: 

UNDERGROUND TRANSMISSION DESIGN ENGINEER 

At least five years experience in the design of underground 
transmission lines and a knowledge of underground 
system accessories will be required. 

OVERHEAD TRANSMISSION DESIGN ENGINEER 

Candidates for this position must have at least five years ex¬ 
perience in the design of overhead transmission lines and 
a degree in Electrical or Civil Engineering. 
Commonwealth Edison can offeryou uncommon career 
challenges, an excellent salary and acompetitive benefits 
package. Qualified candidates are invited to forward their 
resume to: Commonwealth Edison Company, Profes¬ 
sional Placement, Dept. IES401, P.O. Box 767, Chicago, IL 
60690. 


Commonwealth Edison 


Equal Opportunity/Affirmative Action Employer. 




























Our international consulting firm is opening a 
new office in your area to better serve our es¬ 
tablished client base. This is a special opportu¬ 
nity for an electronic equipment know-it-all. 
You must have a EE degree and be familiar with 
computer, telephone and medical equipment. 
Good communication and people skills are a 
must to help penetrate the market. Grow with our 
excellent company. Full compensation and 
benefits package. Send your resume to: 


L-W-G 


INCORPORATED 

1550 Northwest Hwy, Park Ridge, IL 60068 


POSTDOCTORAL POSITION AT THE 
NAVAL RESEARCH LABORATORY 


The Electronics Science and Technology Division of 
the Naval Research Laboratory is accepting applications for 
a postdoctoral position in the area of lll-V compound semi¬ 
conductor heterojunction bipolar transistor (HBT) research. 
It is expected that qualified candidates will have experience 
in the design, fabrication, and characterization of microwave 
or high-speed semiconductor devices with significant experi¬ 
ence in HBT studies. 

The successful candidate will be expected to carry 
out an experimental research effort on lll-V HBT’s In close 
collaboration with personnel in the Microwave Technology 
Branch. The Microwave Technology Branch has extensive 
growth, fabrication, and implantation capabilities to support 
a broad spectrum of lll-V HBT device activities. Stipends 
start at $34,000 per annum. Appointments are for one year 
with the possibility of renewal for an additional year. 

Candidates interested in receiving further information 
should contact Mr. Steven Binari at (202) 767-2535. 
Please direct inquiries to: 



NAVAL RESEARCH LABORATORY 

Code 6852 

4555 Overlook Ave., S.W. 
Washington, DC 20375-5000 
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EQUAL OPPORTUNITY EMPLOYER 


U.S. CITIZENSHIP REQUIRED 





DESIGN & ENGINEERING 

Manager Electrical Engineering 

The Walt Disney World Co. currently has an immediate open¬ 
ing within the Design & Engineering Division for a Manager, 
Electrical Engineering. 

The selected individual will have both administrative and tech¬ 
nical responsibilities for the electrical engineering department 
whose primary function is to design electrical systems for n 


Qualifications include a BS degree in Electrical Engineering along 
with 15-1- years experience in engineering functions, particularly 
electrical, and 10-L years supervising engineering-related activi¬ 
ties. A P.E. license transferable to the state of Florida is a require¬ 
ment for this position. Additional requirements include a broad 
knowledge of PC-based support tools and AutoCAD, as well as 
excellent communication and management skills. 


Wah Disney World Co. 

Professional Staffing 
P.O. Box 10,090 (JB-EE-02) 

Lake Buena Vista, FL 32830 

n Equal Opportunity Employer _ CThe Walt Disney Company 


Wtirld Cc 


Electrical Engineer 

One of the world's most advanced basic science research 
facilities, Fermi Nationai Accelerator Laboratory, is currently 
seeking a seasoned BSEE speciaiizing in power 
distribution. 

The responsibiiities of this senior-levei position wili include 
operating and coordinating electrical maintenance for the 
345/135 KV substation, unit substations and a 12.4 KV 
aeriai distribution system, inciuding reiaying, metering, con- 
troi and wiring schematics. Speciai power distribution 
system projects wiii invoive both eiectrical and mechanicai 
work. /Vjditionaiiy, the incumbent wiii coiiaborate on 
modifications, monitor short- and longlerm electricai power 
costs, assist with ioad studies and verify power bills. 

A minimum of 10 years experience in the maintenance and 
instaiiation of high voitage substations, transformers, 
switchgear and distribution systems from 480 V to 345 KV is 
essentiai. Thorough knowiedge of aii safety aspects 
surrounding high- and low-voitage systems and operations 
wiii be expected. Energy management experience is 
desirabie. 

Located 40 miies west of downtown Chicago, Fermiiab 
offers an attractive compensatton and benefits package. 
Quaiified professionais are invited to send resume and 
saiary history to: Mr. James L. Thompson, Employment 
Manager/I3E491, Fermi National Accelerator Laboratory, 
P.O. Box 500, Batavia, IL 60510. An Equal Opportunity 
Empioyer M/F/H. 


Fermiiab 


































Recent books 

Institution, Washington, D.C., 1990,210 pp., 
$29.95. 

LAN Msnsoof ProBfSinnisr’s R6f6r6nc6. 

(Continued from p. 14) 

pert Systems with Examples from VM and MVS. 

Seadk, Michael S., McGraw-Hill, New York, 
1990, 394 pp., $44.95. 

The Consultant’s Manual. Greenbaum, Tho¬ 
mas L., John Wiley, New York, 228 pp., 
$49.95. 

Deterrence and the Revolution In Soviet Military 
Doctrine. Garthoff, Raymond L., Brookings 

Microsoft Corporation, Microsoft Press, 
Redmond, Wash., 1990, 878 pp., $39.95. 

Weibull Radar Clutter. Sekine, Matsuo, and 
Mao, Yuhai, Peter Peregrinus, London, 
1990, 190 pp., $69. 

The Dniverse and Its Drigins. Singer, S. Fred, 
Paragon House, New York, 1990, 287 pp., 
$34.95. 


Software 

Engineers 


San Diego 

Qualcomm, founded in 1985 by Drs. Irwin Jacobs and 
Andrew Viterbi, is recognized worldwide for its contributions 
to innovative, cost-effective and workable products in digital 
communications. Qualcomm's telecommunication and 
teleprocessing research and development has broken new 
ground in areas such as high-definition television (HDTV). 
Under a Defense Advanced Research Projects Agency 
(DARPA) contract for HDTV, Qualcomm is developing digital 
compression and signal processing technology. The new 
technologies will produce major performance and cost 
improvements for government systems and should have 
wide commercial applications for the future. 

Currently we have key positions open for Software 
Engineers. We are looking for candidates with MS or Ph.D. 
degrees in Computer Science, Engineering, Math or Physics 
who have experience in image data compression, speech 
processing and DSP-related simulations. Opportunities exist 
in the areas of vocoder design and implementation, digital 
video compression, communications channel simulation and 
network controllers. 

Qualcomm offers challenging positions, competitive salaries, 
a full range of company-paid benefits that begin on your 
date of hire and the opportunity to grow with a highly- 
respected, entrepreneurial communications company. 
Qualified applicants should send their resume to Qualcomm, 
Inc., ATTN: JAD, 10555 Sorrento Valley Road, San Diego, 

CA 92121 or by FAX to ATTN; JAD at 619/452-9096; or by 
internet; jdarby @ drzeus.qualcomm.com. EQE. 


Knowledge-based Systems for Industrial Con- 

i. Ed. McGhee, Grimble, M.J., and 
I, P., Peter Peregrinus, London, 
1990, 345 pp., $75. 

16f32-Blt Mlcroprocassors 68000/68010/ 
68020: Software, Hardware, and Design Appli¬ 
cations. Subbarao, Wunnava V., Macmillan 
Publishing, New York, 1991, 454 pp., $45. 

A C-i-t- Toolkit. Shapiro, Jonathan S., 
Prentice-Hall, Englewood Cliffs, NJ., 1991, 
231 pp., $26. 

VN & CMS: Performance and Fine Itining. Savit, 
Jeffrey, McGraw-Hill, New York, 1990, 271 
pp., $^.95. 

Video Cameras and Camcorders. Hobbs, Mar¬ 
vin, Prentice-Hall, Englewood Cliffs, N.J., 
1989, 321 pp., $40. 

Metres to Microwaves. Callick, E.B., Peter 
Peregrinus, London, 1990, 240 pp., $75. 

AS/400: Concepts and Facilities. Baritz, Tony, 
and Dunne, David, McGraw-Hill, New 
York, 1990, 279 pp., $39.95. 

Manaoing Business Transactions. Rubin, Paul 
H., Free Press, New York, 1990, 181 pp., 
$27.95. 

EGA/VGA: A Programmer's Reference Guide, 2nd 
edition. Kliemr, Bradley Dyck, McGraw- 
Hill, New York, 1990, 371 pp., $24.95. 

Object-Oriented Databases with Applications to 
Case, Networks, and VLSI CAD. Ed. Gupta, 
Rajiv, and Horowitz, Ellis, Prentice-Hall, 
Englewood Cliffs, N.J., 447 pp., $49. 

Dblect-Orlented Programmino with Smalltalk/V. 

Savic, Dusko, Ellis Horwood, London, 1990, 
$59.95, 340 pp. 


In History. Kirby, Richard Shel¬ 
ton, et al.. General Publishing, Toronto, 
1990, 530 pp., $13.95. 


I. Glass, Robert L., Prentice- 
Hall, Englewood Cliffs, N.J., 1991,248 pp.. 


HDTV: Advanced Television tor the lOOOs. Ben¬ 
son, K. Blair, and Fink, Donald G., 
McGraw-Hill, New York, 1990, 370 pp.. 


Statics of Deformable Solids. Bisplinghoff, 
Raymond L., Mar, James W., andPian, The¬ 
odore H.H., Dover Publications, New York, 
322 pp., $10.95. 


Based Expert Systems. Bahill, A. Terry, 
Prentice-Hall, Englewood Cliffs, N.J., 1991, 
205 pp., $29. 
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He knows the difference between 
a Nyquist curve and a demand curve. 


Today's highly charged, high-tech corporate environment demands bilingual management, 
as fluent in the language of the laboratory as in the idioms of the boardroom. 

Terrence McGarty, Corporate Director, Applied Research at NYNEX is just such a manager. 
Among his three MIT degrees is a PhD in Electrical Engineering. In addition to charting the 
course for the Applied Research Laboratories at the NYI^X Science & Technology Center, he 
manages the corporate venture capital funds and has authored a recently published book on 
business planning for entrepreneurs. 

As the head of an organization committed to developing and delivering cutting edge 
technology that is as easy to use as the telephone, McGarty needs a magazine that goes beyond 
surface coverage. 

He is one of 500,000 scientific/engineering professionals who read SPECTRUM magazine to 
gain useful insight into emerging state-of-the art technologies that will direct their roles in 
shaping our tomorrows. 

SPECTRUM—essential, relevant, informative. Reaching readers who create tomorrow, today. 

SPECTRUM 

M A G A Z I N E 
345 East 47th Street, New York, NY 10017, U.S.A. • 212-705-7760 

Spectrum is published by The Institute of Electrical and Electronics Engineers, Inc. 
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Pro g ram notes 

used limited object-oriented 
programming techniques in Wm- 
dows. The Windows Clipboard, 
a utility that captures highlight¬ 
ed text or graphics in a Wmdows 
application program, embeds 
segments created by Windows 
applications in other documents 
since it transfers both format and 
data. Also, Wmdows applications 
can use dynamic data exchange 
(DDE) to hot-link data in one ap¬ 
plication with another, so that 
data from one program is auto¬ 
matically copied to another. 

Now to complement the Clip¬ 
board and DDE, object linking 
and embedding (OLE) is being 
added. OLE outdoes the Clip¬ 
board and DDE in several 
respects. First, it extends the 
object concept by adding a 
predigested form of the segment 
in the generic Metafile format, 
a device-independent pictorial 
description of the object. This 
reduces the overhead associat¬ 
ed with converting objects in 
foreign formats to a displayable 


format. Second, OLE is sup¬ 
ported by an extended Windows 
dynamic-link library (DLL), 
functions supplied by Microsoft 
that allow applications to deal 
with objects at a high level. 
These functions reduce writing 
the code required to manipulate 
objects to a few lines that call 
these functions. This makes 
manipulating the segments eas¬ 
ier [see illustration, p. 86]. 

When OLE-based versions of 
Windows word processors be¬ 
come available, documents using 
OLE will be much easier to edit 
and revise than documents that 
use the Chpboard and DDE. 
Scrolling through the documents 
will be much faster. It will also 
become possible to select, edit, 
and save graphical or spread¬ 
sheet segments within a docu¬ 
ment in their native format—all 
while in that document. 

Microsoft has also announced 
plans for OLE on the Macintosh 
when System 7 is released so 
OLE will be a cross-platform 
capability. Contact: Katherine 
Hinsch, Microsoft Corp., 1 
Microsoft Way, Redmond, Wash. 


98052-6399; 206-882-8080; or 
Claire Lematta, the Waggener 
Group, 6915 SW. Macadam Ave., 
Room 300, Portland, Ore. 97219; 
503-245-0905; or circle 112. 

Games as teachers 

As home computers with high- 
resolution color graphics be¬ 
come the norm, high-resolution 
graphical games are being writ¬ 
ten for home computers. Card 
games like Solitaire and strate¬ 
gy games like Reversi often 
come free with another pro¬ 
gram, while arcade games like 
Tetris are available for the cost 
of a fancy dinner. 

Educational games with high- 
resolution graphics are also 
available for the home computer 
market. Often, the authors of 
these programs have made the 
graphics an integral part of the 
game, rather than an add-on. 
The Carmen Sandiego games 
ftom Broderbund Software Inc., 
San Rafael, Calif., for example, 
use high-resolution graphics to 
teach social studies skills. The 
student’s mission is to catch 
Carmen and her gang of globe¬ 


trotting thieves before the war¬ 
rant for their arrests expires. 
Text clues like “She converted 
her money to pesos’’ and “He 
left in a limousine flying a blue 
and yellow flag’’ complement a 
map showing possible destina¬ 
tions. And, when the destination 
is correctly identified. Keystone 
Kops chase the thieves across 
the screen and haul them off to 
jail. It’s easier to learn social 
studies from Broderbund than 
from old Mrs. Bundy! 

The most difficult task in 
creating an educational game is 
identifying a fun activity that can 
be linked to the skill being 
taught. Finding amusing ways to 
teach basic engineering con¬ 
cepts is hard, though. Fame and 
fortune await the first individu¬ 
al who can identify a fun activi¬ 
ty that will teach binary arith¬ 
metic or Boolean algebra. Any 
good ideas? 


COORDINATOR: Gadi Kaplan 
CONSULTANTS: John Kellum, Inter¬ 
graph Advanced Processor Division; 
Stuart Feldman, Bellcore, Computer 
Systems Research. 


Come hang 
your hat in Texas! 


Don't forget to register for the 
12th lEEE/PES Transmission 
an(j Distribution Conference and 
Exposition in Dallas, Texas U.S. A. 
September 22-27,1991 

For more information 
complete and mail the coupon below. 


12th lEEE/PES Transmission and Distribution 
Conference and Exposition 
c/o Steve Williams 
Marketing Committee Chairman 
2001 Bryan Street, Suite 1680 
Dallas, TX 75201 
USA 

□ Send me complete registration materials 

□ Send me information on exhibiting at the Exposition 

Name _ Job Title _ 



Firm/Organization 


Mailine Address 


Citv/State 

Zip 




SILVER PLATING ON-THE-JOB. 
COOL CONDUCTIVITY. 
CONVENIENT ANYWHERE. 
ONLY COOL-AMP. 

Cool-Amp is a proven product that silver-plates high 
amp connections (any connections) on the job. It is very 
simple to use. Simply clean the contact and apply with 
a damp rag. Cool- 
Amp adheres per¬ 
manently. It is 
equal to electroplat¬ 
ing in performance. 

Use Cool-Amp to 
reduce mainte¬ 
nance time. Use it 
on all current carry¬ 
ing connections. Prevent power losses and overheating 
from copper oxide. Time-tested for over 35 years. 

ORDER FACTORY DIRECT 

Cool-Amp Conducto-Lube Company 
15834 Upper Boones Ferry Road . Lake Oswego, Oregon 97035 
(503) 624-6426 • Fax (503) 624-6436 
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CD ROM stores 
a heap of abstracts 

Given the seemingly exponential accumu¬ 
lation of journals, conferences, and papers, 
isolating the information you need can be a 
labor of Hercules. So Engineering Informa¬ 
tion Inc. has scooped up a million abstracts 
of articles published in the past 10 years onto 
a CD-ROM database that it calls Ei EEDisc. 
The compact disc (CD) homes in on such 
areas as computer science, magnetics, op¬ 
tics, and electrical engineering, and includes 
many journals and conferences in its sweep. 

The same information can also be dug up 
by means of many online services, but the 
bill can be big if many searches are done. It 
may make better economic sense to use a 
CD ROM for most searches and reserve the 
online service for finding abstracts published 
after the CD was made. Since the Ei EEDisc 
is offered in conjunction with Dialog Infor¬ 
mation Services, Palo Alto, Calif., it facili¬ 
tates this approach. After the CD search, the 
researcher can use the Dialog OnDisc soft¬ 
ware to dial up and search Dialog’s 
Compendex Plus database without re¬ 
entering the search criteria. 

A PC with a CD-ROM drive and Microsoft 
extensions is required. The CDs are pub¬ 
lished quarterly. A one-year subscription 
costs US $6750 for 10 years of abstracts or 
$3850 for five years. Contact: Marcia Kauf¬ 
man, Engineering Information Inc., 345 
East47St., N.Y., N.Y. 10017-2387;212-705- 
7616; or circle 100. 


SOFTWARE 


Jtansitiott in Japan 

Entering a new market is never a cinch, and 
Japanese markets are singularly challenging. 
U.S. software companies in particular have 
fought shy of them, for lack of knowledge 
of their trends and distribution channels. But 
much of the necessary information has been 
published in a 300-page report titled fapan's 
Personal Computer Software Market. 

The report has been compiled by the 
Japan Personal Computer Software Associ¬ 
ation GPSA), Tokyo, a group of Japanese 
software and hardware manufacturers. It dis¬ 
cusses hardware, software, and distribution 
trends during 1989 and 1990, newly devel¬ 
oped software and platforms, and the results 
of Japanese Government and JPSA studies. 
It also forecasts the trends of market seg¬ 
ments over the immediate future. 

In the past, Japanese end-users have pre¬ 


ferred custom software implementations 
over standardized packages. Now, accord¬ 
ing to Norton Greenfeld, president of the 
report’s English language distributor. Imple¬ 
ments Inc., the market is shifting as more 
Japanese realize that using standard software 
packages has advantages. There are ample 
opportunities to enter this market now while 
it is in transition, especially since many Jap¬ 
anese consider foreign software superior to 
what is currently available in Japan, Green¬ 
feld said. 

The report costs US $495. Contact: Nor¬ 
ton Greenfeld, Implements Inc., 6 Brook 
Trail Rd., Wayland, Mass. 01778-3706; 508- 
358-5858; or circle 102. 

CAD tor student analog design 

Few students are willing to shell out US 
$1000 or more to buy one of the computer- 
aided design (CAD) tools that are at the dis¬ 
posal of many engineers. Still, they might 
consider the student edition of Micro-CAP 
III, licensed by Spectrum Software, Sun¬ 
nyvale, Calif, (no relation to this magazine). 

Unlike its big brother, the student edition 
will analyze circuit diagrams of at most 30 


nodes. Nor does it do parameter estimation 
or Monte Carlo analysis, or directly support 
a plotter. Apart from that, it contains all of 
the design and analysis functions (such as ac, 
dc, and transient response), and has a 
graphical interface, a library of electronic 
symbols that can be customized, and some 
educational material that does not come with 
the professional version. 

For under $50 a student can put this prod¬ 
uct on any IBM PC or compatible equipped 
with 640K of RAM and DOS 3.0 or later. 
Contact: Addison-Wesley Publishing Co., 1 
Jacob Way, Reading, Mass. 01867; 617-944- 
3700; or Kevin Howat at 415-594-4479; or 
circle 103. 


AUTOMATION 


4 middleman for CAD/CAM operators 

Companies that hire operators of computer- 
aided design and manufacturing (CAD/CAM) 
workstations must determine a prospective 
employee’s qualifications in a cost-effective 
manner. Conversely, operators seeking a job 


must be able to convince prospective em- 



Plane-of-the month calendar depicts F-18A Hornet awaiting catapult. 

Airplanes personified 


If through either your work or military service you’ve developed an emotional attach¬ 
ment to aircraft, you may want a copy of Hank Caruso’s Aerocatures Calendar for 1991. 
An artist, as well as an engineer at Westinghouse Electric Corp. in Baltimore, Md., 
Caruso has expressed his attachment by drawing caricatures of 12 mostly military air¬ 
craft and giving them human-like personalities. Some in the plane-of-the-month calen¬ 
dar, like the P-38 Lightning and the Hurricane of Battle of Britain fame, go back to World 
War II. Others, like the A-6E Intruder and F-117A Stealth, are much more recent. 

In black-and-white and a color cover, the calendars are US $8 each plus $2.50 for 
shipping in the United States and Canada. Discount prices are available for 25 or more. 
Contact: Forefeathers Enterprises, Box 578, Glen Bumie, Md. 21060; or circle 101. 
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EEs’ tools & toys 

ployers that they are qualified. Biit testing 
the expertise of an applicant can be a slow 
and expensive business. The National As¬ 
sociation of CAD/CAM Operators (NACO), 
a nonprofit organization, thinks it can medi¬ 
ate with a procedure it has developed for 
testing and certifying CAD/CAM operators. 

Members are required to submit a detailed 
resume, which NACO verifies for accuracy 
by contacting the applicant’s former employ¬ 
ers and education^ institutions. NACO also 
administers a seven-level rating system to 
help match an applicant’s level of skill against 
job requirements. Testing is required for the 
upper levels. NACO also pubhshes a news¬ 
letter, maintains a bulletin board, and tracks 
the CAD/CAM job market. 

Dues are US $50 per year and testing 
costs $45 to $145, depending on certification 
level. Contact: National Association of 
CAD/CAM Operators, 10801 Hammerly, 
Suite 220, Houston, Texas 77043; or circle 
104. 


COMPUTERS 


Neural network In hardware 

If you thought that neural networks were 
strictly a software function, think again. Put¬ 
ting all the needed intelligence, artificial or 
otherwise, on a board with a dedicated pro¬ 
cessor produces a unit that can learn and re¬ 
spond faster than a neural net program run¬ 
ning on a more traditional computer. 
Shenandoah Systems Co. has accordingly 
configured the cerebellar model arithmetic 
computer (CMAC) in hardware for the PC- 
AT bus. 

The CMAC type of neural network is 
quick to learn and suited to many applica¬ 
tions that require an adaptive response in 
real time. It is basically a table look-up tech¬ 
nique for representing complex multiple- 
input, multiple-output nonlinear functions 
over particular regions of the function state 
space. It is taught the appropriate table 
values by being given a series of inputs and 
told what the correct answers are. 'The pro¬ 
cessor looks at the data and assigns a weight 
to each input. If it is then given similar in¬ 
puts it will use the weights to calculate a 
similar, and one may hope correct, response. 
If the responses are not correct, the network 
must be given a new set of input and output 
vectors. 

CMAC neural networks have been used 
in robot control, signal processing, and pat¬ 
tern recognition applications. They can work 
on “inverse" problems, determining the 
input if the output is known. They contain 
a few features useful for real-time applica¬ 
tions such as input/output buffers and sup¬ 
port for interrupt-driven software. 

The CMAC-AT is designed for use in an 


IBM PC AT or compatible. It comes with a 
software driver and demo disk for US $7950. 
Contact: Carl-Henry Piel, Shenandoah Sys¬ 
tems Co., lA Newington Park, West Park 
Drive, Newir^n, N.H. 03801; 603-433- 
4787; or circle 105. 


HARDWARE 


Power In hand 

Workstations on a network, computers on 
a factory floor, and medical instruments are 
prone to power-related problems. Although 
power-monitoring products are available to 
help diagnose what ails them, most cost a 
lot and their users require experience to in¬ 
terpret the results. Less skill and fewer dol¬ 
lars are needed for the lOOG Power Visa, 
which, plugged into a wall socket, automat¬ 
ically monitors the current’s waveform 
shape, voltage, and frequency. It also detects 
line-to-neutral and neutral-to-ground im¬ 
pulses and monitors high-frequency noise 
and ambient temperature. The user can set 
fault thresholds or rely on the unit’s default 
values and command the unit to print reports 
either when a fault occurs or every 24 hours. 

Perhaps the Power Visa’s most valuable 
feature is its ability to diagnose and isolate 
the cause of a problem. When a fault is de¬ 
tected, the lOOG will compare its waveform 
to those in a database, determine the prob¬ 
able cause, and suggest solutions. The unit 
will print, in several languages, advice on 
solving your power problem and help with 
using the lOOG. It operates at any line volt¬ 
age from 90 to 290 volts at 50 or 60 hertz. 

The CMAC-AT is designed for use in an 
IBM PC AT or compatible. It comes with a 
software driver and demo disk for US $7950. 
Contact: Carl-Henry Piel, Shenandoah Sys¬ 
tems Co., lA Newington Park, West Park 
Drive, Newington, N.H. 03801; 603-433- 
4787; or circle 105. 



Free scientific software 

Scientists and engineers looking for inexpen¬ 
sive software should investigate the Laser 
and Science Bulletin Board. They will find 
IBM PC-compatible software in such diverse 
subjects as astronomy, biology, chemistry, 
electronics, laser and general physics, and 
even project management. Some of the pro¬ 
grams are in the public domain, the others 
are either freeware or shareware. Uploads 
donated by users are always welcome and 
posted with due credit to the donor. 

Use of the bulletin board is free but a pass¬ 
word, issued by mail only, is required. Con¬ 
tact: R. T. Pitlak, 1639 Valecroft Ave., West- 
lake Village, Calif 91361; or circle 111. 


Coordinator: Dennis DiMaria 

Consultant: Paul A.T. Wolfgang, Boeing Helicopters 
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(Continuedfromp. 6) 
doesn’t bother them. 

Some 10 or 20 years ago, the ‘ ‘new math’ ’ 
was all the rage. After raising a generation 
of mathematical illiterates, new math was 
pretty much discredited. 'The problem is that 
those same mathematical illiterates are now 
teaching, writing textbooks, writing curric¬ 
ula, and teaching other teachers. My son’s 
high school chemistry book from last year 
is a good example: I found roughly one fac¬ 
tual error on every two pages. 

These are not isolated instances. I work 
with two dozen other engineers, and we 
often compare notes and shudder at the stu¬ 
pidities taught to our children. 

This brings up an interesting point—in 
elementary and high school level math and 
science, it is relatively easy to tell the differ¬ 
ence between right and wrong. If the authors 
are so incompetent that they cannot keep 
their facts straight in these subjects, what 
has been done in history, English, or other 
fields, where the distinction between truth 
and falsehood is less obvious? 

In many communities, teachers now com¬ 
mand salves as high as $75 000, higher than 
many of the small businessmen, engineers, 
and other professionals in the area who work 
much longer hours, under much greater pres¬ 
sure, and are much more accountable to pro¬ 
duce results. These salaries and worldng 
conditions, and the prospect of even more 
income from book royalties, have attracted 
charlatans and incompetents. Instead of being 
looked up to, the teaching profession today 
is the object of derision. See what Nobel 
Prize-winning physicist Richard Feynman 
had to say about educators and textbooks in 
his autobiography. Surely You 're Joking, Mr. 
Feynman, as an example. 

The title of a recent editorial in our local 
newspaper summed it up very well: 
“Teachers can’t teach what they don’t 
know.” Amen. 

Peter A. Stark 
Mount Kisco, NY. 


Correction 

On p. 58 of the Feb. issue, the frequency 
range for 12-gigahertz satellite downlinks in 
International Telecommunication Union Re¬ 
gion 2 (North and South America) should be 
11.7-12.2 GHz. 


Readers are invited to comment in this department 
on material previously published in IEEE Spectrum] 
on the policies and operations of the IEEE; and on 
technical, economic, or social matters of interest to 
the electrical and electronics engineering profession. 
Short, concise letters are preferred. The Editor re¬ 
serves the right to limit debate on controversial is¬ 
sues. Contact Forum, IEEE Spectrum, 345 East 47th 
Street, New York, NY 10017 U,S,A. 
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READER GUIDE TO PRODUCTS AND SERVICES 


HOW TO ORGANIZE FOR 
GOVERNMENT ACTIVITIES 
AT THE STATE LEVEL 

The IEEE U.S. Activities State Government Activi¬ 
ties Committee has developed a publication entitled 
"How to Organize for Government Activities at the 
State Level. ” This brochure Is one response to the 
need to develop an organizational structure at IEEE’s 
Region and Section levels to provide a cohesive 
mechanism for communicating and working with 
stats and local government agencies. Included are 
model organizational structure and organizational 
guidelines for State IEEE Legislative Advisory (SILA) 
groups as well as a model Intersociety structure and 
model bylaws for SILAs that want to lead area in¬ 
tersociety efforts, or state government affairs organi¬ 
zations. 

For a complimentary copy of the brochure, CIRCLE 
#71 on the Reader Service Card. 


INNOVATIVE NEW SERIES 

IEEE Educational Activities Is publishing two new 
monograph series for engineers In easy-to-use hand¬ 
book format. 

Engineer's Guide To Business 
To commence publication In Spring 1991, the se¬ 
ries brings a practical approach to training In non¬ 
technical skills for the engineer who wants to in¬ 
crease his or her business acumen. Topics to be 
dealt with include written communications, oral 
presentations, and budgeting. 

Professional Case Studies 

First-hand professional experiences of recognized 


experts offer engineers the opportunity to learn from 
the mistakes and successes of their colleagues. The 
first two titles—to be published in Spring 1991— 
are Electric Transmission Systems by John Cassa¬ 
va and Local Oxidation of Silicon by Else Kool. 

For more information, CIRCLE #72 on the Reader 
Service Card. 


Each case study explores one or more crucial 
questions: How likely Is this system to malfunction? 
What would be the consequences? How much risk 
is acceptable? How can risk be measured, reduced, 
and managed? And If human lives are at stake, how 
safe is “safe enough"? 

For more information on how to order “MANAGING 
RISK In Large, Complex Systems,” CIRCLE#73 on 
the Reader Service Card. 


MANAGING RISK 
In Large, Complex Systems 
A New SPECTRUM Compendium 
(TH0263-4) 

Member US $7.50 List US $15.00 

The special report Is devoted to the analysis and 
management of risk in the design and operation of 
a large, complex engineering system-defined as 
one that, if it malfunctioned, would )eopardize 
hundreds of millions or billions of dollars, human 
lives, or both. Such systems are becoming more 
common in engineering-witness the space station 
and the Strategic Defense Initiative-and they pre¬ 
sent a number of problems that are still Intractable 
sources of uncertainty. Nonetheless, the lessons 
learned from large projects are often applicable to 
systems of any size at all. 

Case studies of five large systems—the U.S. tele¬ 
phone system, aging commercial airliners, the 
Savannah River nuclear weapons plant, the U.S. 
space shuttle, and the Union Carbide pesticide plant 
In Bhopal, India—Include some famous disasters, 
which highlight design or management risks per¬ 
tinent to the building of any large system, and thus 
serve as valid lessons for electrical and electronics 
engineers as well. 


NEW FOR 1991 
INSPEC’s Key Abstracts In 
Factory Automation 

This new title provides details of recently published 
papers chosen from leading International journals 
and conference proceedings. Selection of these ab¬ 
stracts is carefully monitored by INSPEC’s team of 
qualified subject experts and brought to you each 
month in an easy-to-read format. 

Contents Include: 

• Manufacturing management and planning (in¬ 
cluding Inventory control) 

• Materials handling (including automatically guid¬ 
ed vehicles) 

• Advanced manufacturing techniques (Including 
robotics) 

• Flexible manufacturing systems (including assem¬ 
bly and machining) 

• Computer-integrated manufacturing 

• Computer-aided design/computer-aided manu¬ 
facturing (CAD/CAM) 

• Vision, inspection, and quality control (including 
testing) 

(Continued overleaf) 
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READER GUIDE TO PRODUCTS AND SERVICES 


• Communications (including local-area networks) 

• Applications 

IEEE Member subscription price; $79.00 
Non-member price: $142.00 

All subscriptions are on a calendar-year basis and 
must be prepaid. 

For more information on this tills and all 20 of the 
KEY ABSTRACTS, CIRCLE #74 on the Reader Ser¬ 
vice Card. 


PROPERTIES OF INDIUM PHOSPHIDE 

This latest book in the Educational Management In¬ 
formation System Datareview Series from INSPEC 
is tailored to help those who study, process, or use 
indium phosphide. It represents the coordinated ex¬ 
pertise of 65 front-line researchers from Europe, the 
United States, and Japan, and its 133 specialized 
surveys (Datareviews) provide a useful review and 
consolidation of R&D on this vitally important sub¬ 
stance. 

As well as covering the binary compound (InP) 
In depth, the book will Include a comprehensive 
chapter on indium gallium arsenide phosphide, as 
well as chapters on: 

• Basic Physical Properties • Resistivity • Carrier 
Concentration and Ionization Rates • Electron Mo¬ 
bility, Diffusion, and Lifetime • Band Struc¬ 
ture • Optical Functions 

• IR Absorption and Impurity Energy Lev¬ 
els • Photoluminescence, Raman, and Reflection 
Spectra • Photoconductivity • Defects, Deep Lev¬ 
els, and Their Detection 

• Diffusion of Impurities • Surface Structure and 
Oxidation • Ion Implantation • InGaAs and In- 
GaAsP: Miscellaneous Properties • Exploitation of 
InP in Devices. 


ISBN 0 85296 491 9, Casebound, 1991 
425 pages, 280 by 210 mm, $250.00 
For information on ordering, CIRCLE #75 on the 
Reader Service Card. 


PRE-EMPLOYMENT 
PATENT AGREEMENTS 

Employed Engineers: Who Owns Their Inventions? 
was published by IEEE United States Activities as 
a guide for leaders of professional activities groups. 
This booklet explains a number of pre-employment 
patent agreements and what they mean to the em¬ 
ployed inventor. Detailed guidance on the assign¬ 
ment of rights, forms of reward, confidentiality of 
employer information, disclosure of prior inventions, 
and a sample agreement are included. 

Copies are on sale to members through the IEEE 
Service Center, Box 1331,445 Hoes Lane, Piscata- 
way, N.J. 08855-1331; 201-981-1393or800-678- 
lEEE. Ask for Catalog No, UH0147-9. Price is US 
$5.00 for members and US $6.50 for nonmembers. 
Or, for additional information, CIRCLE #76 on the 
Reader Service Card. 


HOWTO UNDERSTAND 
YOUR PENSION PLAN 

lEEE-USA’s Pensions Committee has assembled an 
informative chartbook. Understanding Pensions, as 
an educational service to IEEE's U.S. members. 

Understanding Pensions is not just for those soon 
to retire. The chartbook is for everyone who wants 
to begin planning ahead for a more financially se¬ 


cure retirement. And since the accumulation of 
retirement income takes a considerable period of 
time, it’s very important that today's increasingly 
mobile workers learn as much as they can, as soon 
as they can, about how pensions work. 

The chartbook was designed for use by engineers, 
scientists, and other professionals who want to learn 
more about pensions and how the nation's volun¬ 
tary private pension system operates. Understand¬ 
ing Pensions provides 58 visuals, each accompa¬ 
nied by text containing basic factual information, 
informed opinion, and practical advice. 

For more information, CIRCLE #77 on the Reader 
Service Card. 


UPDATED 

CAREER GUIDANCE BROCHURE 
NOW AVAILABLE 

lEEE-USA has revised and updated a career gui¬ 
dance brochure. Your Career In the Electric, Elec¬ 
tronics, and Computer Engineering Fields. The 
brochure is distributed to high school and college 
students who are interested in exploring careers in 
electrical, electronics, or computer engineering. 
Copies are also sent to high school counselors, 
libraries, career counseling centers, and other in¬ 
terested institutions and individuals. 

IEEE members may obtain up to 25 copies free 
of charge for distribution at local student events by 
contacting the lEEE-USA Office in Washington, D.C. 
If more than 25 copies are required for a single event, 
the balance must be purchased at $0.75 each. In¬ 
dividual copies are available free. 

For a free copy and more information, CIRCLE #78 
on the Reader Service Card. 
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CLASSIFIED EMPLOYIVIENT OPPORTUNITIES 


The following listings of interest to IEEE members have been placed by educational, government, and industrial organizations 
as weii as by individuals seeking positions. To respond, appiy in writing to the address given or to the box number iisted in 
care of Spectrum Magazine, Ciassified Employment Opportunities Department, 345 E. 47th St., New York, N.Y. 10017. 
Advertising rates 

Positions open: $34.00 per line, not agency-commissionabie 
Positions wanted; $34.00 per line, a 50% discount for IEEE members who supply 
their membership numbers with advertising copy 

Ali classified advertising copy must be received by the 25th of month, two months preceding date of issue. No teiephone ord¬ 
ers accepted. For further information contact Theresa Fitzpatrick, 212-705-7578. 

IEEE encourages employers to offer salaries that are competitive, but occasionaily a salary may be offered that is significant- 
iy below currently acceptable levels. In such cases the reader may wish to inquire of the empioyer whether extenuating cir¬ 
cumstances apply. 


Academic 

Positions Open 


Academic Position Open. College of Computer, 
King Saud University invites applications for 
open positions at the rank of lecturers, assis¬ 
tant professors, associate professors and 
professors in the Computer Engineering, Com¬ 
puter Science and Information Systems Depart¬ 
ments for the academic year starting Sept., 
1991. A strong commitment to teaching on the 
graduate and undergraduate level and the de¬ 
velopment of research program in the above 
areas is required. Rank and Salary are highly 
competitive and based upon experience and 
qualification. Send complete resume to Dean, 
College of Computer, King Saud University, PC 
Box 51178, Riyadh 11543, Saudi Arabia. 

Texas A&M University. The Electrical Engineer¬ 
ing Department has several openings for tenure 
track faculty at all ranks. Applicants must have 
a Ph.D. degree. For senior positions, the in¬ 
dividuals should have a proven record of schol¬ 
arly contributions, and for junior positions, 
demonstrated potential for quality research 
and teaching is necessary. The salary is com¬ 
petitive and commensurate with qualifications 
and experience. The Department has 1300 un¬ 
dergraduate students, 350 graduate students 
and a faculty of 56. Currently the active areas 
of graduate programs include digital and ana¬ 
log microelectornics , electronic and magnet¬ 
ic materials and devices, electromagnetics, 
micorowave engineering, computer engineer¬ 
ing, electrooptics, telecommunications, con¬ 
trols, signal processing, electric power sys¬ 
tems, and power electronics. Qualified individu¬ 
als having expertise in any of these research 
areas are urged to apply. The Department has 
a particular interest in hiring outstanding 
faculty In the areas of computer engineering, 
microelectronics, electronic materials, elec¬ 
tromagnetics, microwave engineering, power 
systems automation, solid state electronics 
and signal processing. Applicants should send 
a complete resume, including names and ad¬ 
dresses of three references to Dr. J.W. Howze, 
Department Head, Electrical Engineering 
Department, Texas A&M University, College Sta¬ 
tion, TX 77843. Texas A&M University is an equal 
opportunity/affirmative action employer, and 
actively seeks the candidacy of women and 
minorities. 

Wright State University, Department of Com¬ 
puter Science and Engineering invites appli¬ 
cants tor tenure-track and visiting faculty posi¬ 
tions at all ranks. The successful candidate 
must have a Ph.D. in computer science, com¬ 
puter engineering, or equivalent background 
and have demonstrated forward looking and 
creative research. Further desired attributes in¬ 
clude: capability to direct Ph.D. candidates in 
computer science or computer engineering and 
the ability to acquire funds and/or direct re¬ 
search projects. Preferred technical areas are 
distributed systems, networking, and database, 
but other areas will be considered. Rank and 
competitive salaries are determined by qualifi¬ 
cations and experience. The University is locat¬ 
ed in a high technology environment among in¬ 
dustrial/military research and development fa¬ 
cilities, including Wright Patterson Air Force 
Base and NCR. Department strengths include 
a fully networked Unix environment of Sun & 


DEC workstations; Cray access; graduate 
laboratories in Al, optical computing, neural 
networks, and robotics; established research 
programs; industrial/military support; degree 
programs in both computer science and com¬ 
puter engineering; and a large graduate student 
population. Please submit a detailed resume in¬ 
cluding names of three references to: CSNET 
address—amcaulay® cs.wright.edu or Alastair 
D. MoAulay, NCR Distinguished Professor and 
Chair, Department of Computer Science and 
Engineering, Wright State University, Dayton, 
Ohio 45435. Pending availability of funding, 
reviewing for positions will begin February 15, 
1991 and continue monthly until positions are 
filled or until September 1,1991. An Equal Op¬ 
portunity/Affirmative Action Employer. 

Stocker Visiting Chair in Electrical and Com¬ 
puter Engineering at Ohio University. Applica¬ 
tions and nominations are being accepted for 
the position of Stocker Visiting Professor in 
Electrical and Computer Engineering (ECE). 
The ECE Department at Ohio University has 
twenty full-time and four part-time faculty, 450 
undergraduate students and 80 graduate stu¬ 
dents. External research support in ECE ex¬ 
ceeds $2.3M per year, a large portion of which 
comes via the Avionics Engineering Center, a 
unit of ECE. The ECE Department is housed in 
the $15M Stocker Engineering Center. The 
Stocker Chair position is supported through the 
Stocker Endowment, presently worth more than 
$13M. Qualifications for consideration for the 
Stocker Chair position include noteworthy 
achievements in research and teaching or in¬ 
dustry/government. The individual selected tor 
this position is expected to teach, participate 
in Departmental research, and be available to 
present and conduct invited seminars/lectures 
at various universities, including O.U. The max¬ 
imum term of appointment for this position is 
three years; a lesser term can be negotiated. 
Stocker Professors are provided part-time 
secretarial support, a travel allowance, special 
office accommodations, and equipment/sup¬ 
plies support, if needed. In addition, modest fur¬ 
nished living quarters, specifically designated 
as Stocker Chair Apartments, are available for 
Stocker Professors and their spouses. Salary 
for the positions is negotiable. The ECE Stock¬ 
er Chair position is ideal for a person who wish¬ 
es to take leave from his/her present employer. 
Applications and nominations will be accept¬ 
ed until the positions is filled. Please send a re¬ 
sume with at least three references or your 
nomination to Dr. Jerrel R. Mitchell, Stocker 
Center, Ohio University, Athens, OH 45701-2979. 
Preference will be given to U.S. citizens and per¬ 
manent residents. Ohio University is an equal 
opportunity and affirmative action employer. 

Faculty Position. Cooper Industries Professor 
of Electrical Engineering; The Electrical and 
Computer Engineering Department at Ohio 
University is continuing its search for a senior 
tenure-track faculty member. The Cooper Indus¬ 
tries Professor of Electrical Engineering will be 
expected to teach and develop a sponsored re¬ 
search program in power electronics and.or in¬ 
dustrial controls. A demonstrated ability to in¬ 
teract with industrial sponsors is essential. The 
successful candidate is expected to take a lead¬ 
ing role in developing a multi-disciplinary pro¬ 
gram in computer-integrated manufacturing. 
Candidates must have an earned Ph.D. in en¬ 
gineering, a demonstrated record of teaching 
(undergraduate and graduate) and significant 


experience in promoting and conducting spon¬ 
sored research. Interviews will continue until 
the position is filled. Send resume and a list of 
four references to H.W. Hill, Jr., ECE Depart¬ 
ment, Ohio University, Athens, OH 45701-2979. 
Ohio University is an equal opportunity, affirm¬ 
ative action employer. 

Princeton University: The Department of Elec¬ 
trical Engineering invites applications for a full 
time, tenure-track faculty position. The dis¬ 
ciplines of particular interest are: Computer En¬ 
gineering, with a specialization in computer ar¬ 
chitecture; and Digital Signal Processing, with 
a specialization in video and image processing. 
Please send a complete resume, a description 
of research and teaching interests and names 
of three references to Professor Stuart 
Schwartz, Chairman, Dept, of EE, Princeton 
University, Princeton, NJ 08544. Princeton 
University is an equal opportunity/affirmative 
action employer. 

Worcester Polytechnic Institute—The EE 
Department invites applications for tenure 
track faculty positions at the Assistant or As¬ 
sociate Professor level in the following areas; 
Computer Engineering, Data Communications, 
Ultrasonics, and Microwave devices. Candi¬ 
dates must possess an earned doctorate, and 
will be expected to have a strong commitment 
to high quality undergraduate and graduate en¬ 
gineering education, as well as to development 
of a research program. Applications from wom¬ 
en and underrepresented groups are especial¬ 
ly invited. Worcester Polytechnic Institute is a 
technical university offering project-oriented 
programs in Engineering, Science and Manage¬ 
ment, WPI is located in the high-tech region of 
central Massachusetts, with an enrollment of 
2,500 undergraduate and 400 full-time graduate 
students. The EE department has 24 full-time 
tenure-track faculty, and strong undergraduate, 
graduate and research programs. Please send 
a statement of your research and teaching in¬ 
terests, a resume, and a list of three references 
with addresses and telephone numbers to: Dr. 
John A. Orr, Head, Department of Electrical En¬ 
gineering, Worcester Polytechnic Institute, 
Worcester, MA 01609. WPI is an equal opportu¬ 
nity affirmative action employer. 

The University of Texas at Austin, Department 
of Electrical and Computer Engineering, is ac¬ 
cepting applications tor a tenured faculty po¬ 
sition with the rank of professor in elec¬ 
tromechanics/electromagnetics. Duties will in¬ 
clude leadership of an internationally competi¬ 
tive research program, program development in 
classical electromagnetics, and the teaching of 
undergraduate and graduate level courses. In¬ 
terested applicants are invited to send resumes 
which' detail their past professional accom¬ 
plishments, and which include the names and 
addresses of at least three references, to Dr. 
Mario J. Gonzalez, Chairman, Department of 
Electrical and Computer Engineering, The 
University of Texas at Austin, Austin, TX 
78712-1084. The University of Texas at Austin is 
an Equal Opportunity/Affirmative Action Em¬ 
ployer. 

Indiana University—Purdue University at Indi¬ 
anapolis (lUPUl) invites applications and nomi¬ 
nations for the position of Dean of the Purdue 
School of Engineering and Technology. The suc¬ 
cessful candidate will have an earned doctorate 
in engineering or related fields, have an estab- 
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lished record of research and teaching suffi¬ 
cient to merit the rank of professor in the 
Schooi, have proven administrative experience, 
and demonstrate an understanding of the rela¬ 
tionship between engineering ancTtechnology 
programs. The School has 70 full-time faculty 
in eight departments offering coursework lead¬ 
ing to Purdue University degrees in technology 
and engineering, including masters degrees in 
electrical and mechanical engineering. Two 
new facilities are under construction and 
should be completed in 1993. Review will begin 
in March 1991 and continue until the position 
is filled, preferably by June 1991. Send nomina¬ 
tions or applications to: Professor Thomas 
Lanz, BS 3024C, lUPUl, 801 West Michigan 
Street, Indianapolis, Indiana 46202-5151. 

Iowa State University. The Department of Elec¬ 
trical Engineering and Computer Engineering 
invites applications for anticipated tenure-track 
faculty positions at all ranks beginning Fall 
1991 semester. The primary need is for speciali¬ 
zation in the areas of communications/signal 
processing, computer networking/data commu¬ 
nications, control, microelectronics, and pow¬ 
er. Responsibilities include teaching, research 
and outreach. Salary and rank are commen¬ 
surate with qualifications and experience. Ap¬ 
plicants must possess a doctorate degree with 
a demonstrated potential for research. Applica¬ 
tions should include a resume with a statement 
of teaching, research, and outreach interests, 
as well as a list of at least three (3) references. 
Applications should be sent to: Dr. John Wm. 
Lamont, Chairman of Faculty Search Commit¬ 
tee, Department of Electrical Engineering and 
Computer Engineering, Iowa State University, 
Ames, Iowa 50011. Iowa State University is an 
Equal Opportunity/Affirmative Action Employer. 

The University of Toledo. The Electrical En¬ 
gineering Department invites applications for 
a tenure track assistant professor position in 
Satellite Communications. A Ph.D. in electrical 
engineering is required. Preference will be giv¬ 
en to those candidates who have a demonstrat¬ 
ed record and the potential for attracting exter¬ 
nally funded research. Responsibilities include 
undergraduate and graduate teaching and re¬ 
search. State University with 24,000-f students 
including 2,200students in B.S., M.S. and Ph.D. 
engineering programs. Send applications with 
resumes containing names and addresses of 
three references by April 30,1991 to Dr. Kai-Fong 
Lee, Chairman of Electrical Engineering Depart¬ 
ment, The University of Toledo, Toledo, Ohio 
43606-3390. Non-U.S. citizens must indicate 
their immigration status. The University of Tole¬ 
do is an Equal Opportunity/Affirmative Action 
Employer. 

Cooper Union. One tenure track position at the 
assistant professor level in The Department of 
Electrical Engineering. Duties include teaching 
undergraduate courses in electronics, directing 
undergraduate electronics projects, and super¬ 
vising master’s theses candidates. Research is 
encouraged through the Cooper Union Re¬ 
search Foundation. Only candidates with a 
strong interest in laboratory development 
should apply. Ph.D. required. Candidates with¬ 
in one year of completion of this degree will be 
considered. Please contact Melvin Sandler, 
Chairman of Electrical Engineering, Cooper Un¬ 
ion, 51 Astor Place, New York, N.,Y. 10003. Coop¬ 
er Union is an equal opportunity/affirmative ac¬ 
tion employer. 

Stanford University Joint Professorship (Re¬ 
search) Geophysics and Electrical Enmneering. 
The departments of Geophysics and Electrical 
Engineering are jointly searching for a research 
professor in the area of electromagnetic field 
measurements, data processing and interpre¬ 
tation. The appointment will be evenly split be¬ 
tween the two departments. We are looking for 
a specialist with expertise in EM measurements 
in the ULF range (around 1 HZ) with interest in 
piezoelectricity, magnetostriction and electri¬ 
cal conductivity of the earth's crust in general 
and specifically their application to earthquake 
phenomena. Experience should include ex¬ 
perimental design, instrument construction 
and data acquisition. Background in lower ion¬ 
osphere, electrical currents, and long period ge¬ 
omagnetic variations is also desirable. Because 
this research faculty position needs to be total¬ 
ly supported by grants and contracts, a demon¬ 


strated track record in raising substantial re¬ 
search support is essential. This appointment 
is for a five-year period and is renewable. If In¬ 
terested, please write to: Professor Amos Nur, 
Department of Geophysics, Stanford Universi¬ 
ty, Stanford, CA 94305-2215. Stanford Universi¬ 
ty is an equal opportunity employer and en¬ 
courages the application of qualified women 
and minority candidates. 

Physicist, Assistant Research. Low- 
temperature processing of silicon and opto¬ 
electronic materials, photon assisted deposi¬ 
tion and etching processes, chemical vapor 
deposition of various silicon compounds, thick 
and thin film micro-circuit engineering, com¬ 
puter aided design and simulation of novel sol¬ 
id state devices and circuits. Req: Ph.D. in Elec¬ 
trical Engineering with at least 1 yr. exp. in 
above activities. Salary: $41,600-52,900, depend¬ 
ing on exp. Job site & interview in La Jolla, 
California. Send this ad & your resume to Job 
#NOF 1109. PO Box 9560, Sacramento, CA 
95823-0560 no later than April 30, 1991. 

California State University, Los Angeles—Full 
Time Temporary Assistant or Associate Profes¬ 
sor. Computer hardware and applications. MS 
degree in Electrical Engineering or related field 
required. PhD, related industrial and teaching 
experience highly desirable. Application 
Deadline—March 25, 1991 for first considera¬ 
tion. Send application to Dr. Martin S. Roden, 
Chair, Electrical and Computer Engineering, 
California State University, Los Angeles, CA 
90032. Finalists will be asked to solicit letters 
of reference. For further information, call (213) 
343-4470. AA/EEO Employer. Minorities and 
women strongly encouraged to apply. 

Assistant or Associate Professor of Electrical 
Engineering, Tenure Track. The University of 
Southern Maine invites applications for a ten¬ 
ure track position at the assistant or associate 
professor level from persons with a strong com¬ 
mitment to undergraduate teaching and schol¬ 
arly work in a small but rapidly growing depart¬ 
ment. A Ph.D. in electrical engineering or a relat¬ 
ed discipline is required. Primary interest is in 
electrical power and related areas, but all areas 
of specialization will be considered. The loca¬ 
tion is Gorham, a lovely suburb of Portland 
which is Maine's cultural and industrial center. 
The department maintains close ties to indus¬ 
trial firms in the area. Screening of applicants 
will begin immediately and continue until posi¬ 
tion is filled. Starting date is September 1,1991. 
Send curriculum vitae with three references to: 
James W. Smith, Chair Department of Engineer¬ 
ing RE: 101, University of Southern Maine, 37 
College Avenue, Gorham, ME 04038. USM is 
EEO/AA Employer. 

McGill University—The Department of Electri¬ 
cal Engineering of McGill University is seeking 
candidates to fill a tenure-track faculty opening 
in electromagnetics. Applications are invited 
from persons who are dedicated to teaching at 
both the undergraduate and graduate level, and 
who have outstanding research potential and 
demonstrated achievements in the field of nu¬ 
merical electromagnetics. Individuals with ex¬ 
pertise in wave propagation in matter are par¬ 
ticularly encouraged to apply. The Department 
has a research group in CAD for Electromagnet¬ 
ics with an international reputation, and the in¬ 
cumbent will be expected to integrate into this 
group. Candidates must have an earned Ph.D. 
degree or equivalent experience. Graduation 
from an accredited engineering school is 
desirable. Please send a resume and a list of 3 
references to Professor Nicholas C. Rumin, 
Chairman, Department of Electrical Engineer¬ 
ing, McGill University, 3480 University St, Mon¬ 
treal, Quebec, Canada, H3A 2A7. In accordance 
with Canadian Immigration requirements, this 
advertisement is directed in the first Instance 
to Canadian citizens and permanent residents 
of Canada. Applications from others are wel¬ 
comed, however, consideration of such candi¬ 
dates must be deferred until a Canadian search 
has been completed. 

Research Scientist—The position is in the area 
of lll-V semiconductor materials growth by 
molecular beam epitaxy (MBE) and metalorgan- 
ic MBE(MOMBE). Responsibilities include sys¬ 
tem maintenance, modification to improve per¬ 
formance, and supervision/instruction of gradu¬ 


ate students in the use of molecular beam 
epitaxy system and independent original re¬ 
search. A Ph.D. in electrical engineering, phys¬ 
ics or related field required. At least two years 
of scientific research is required, which may be 
a combination of academic and work ex¬ 
perience but must include crystal growth using 
a Vacuum Generators MBE system, in-situ and 
ex-situ characterization techniques for lll-V 
compound semiconductor and heterostruc¬ 
tures. Salary $35,000 per year. Qualified appli¬ 
cants send resume or application letter with ad 
^ April 20, 1991 to: AZ DES Job Service Attn: 
732A RE: 5277473 RO. Box 6123, Phoenix, AZ 
85005. Job Location Tempe, AZ. Emp. pd. ad. 
Proof of authorization to work in U.S. required 
if hired. Affirmative action equal opportunity 
employer. 

The Department of Electrical Engineering, The 
University of British Columbia, invites applica¬ 
tions for at least two tenure-track appointments 
as Assistant Professor in the general area of 
electronics or microwave circuits. Areas of in¬ 
terest include lll-V semi-conductor devices, ana¬ 
log electronic circuits including analog VLSI or 
integrated electronic sensors, and microwave 
or millimeter wave devices and circuits. A Ph.D. 
is required. Industrial and/or teaching ex¬ 
perience would be useful. The successful appli¬ 
cant would be expected to pursue research 
vigorously, and to teach at the graduate and un¬ 
dergraduate levels. Collaboration with other 
departments will be facilitated through the new 
Advanced Materials and Processing Laborato¬ 
ries. Salary is commensurate with qualifica¬ 
tions and experience. Start-up funding is avail¬ 
able for purchase of equipment and support of 
graduate student research assistants. The po¬ 
sition is available as of July 1,1991. Priority will 
be given to applications received before May 31, 
1991. To apply, send curriculum vitae, reprints 
of published papers, names of at least three 
references, and state eligibility for employment 
in Canada to: Dr. R.W. Donaldson, Head, Depart¬ 
ment of Electrical Engineering, The University 
of British Columbia, 2356 Main Mall, Vancouver, 
B.C., Canada V6T1W5. The University of British 
Columbia encourages qualified women and 
minority applicants. In accordance with Cana¬ 
dian Immigration requirements, priority will be 
given to Canadian citizens and permanent resi¬ 
dents of Canada. 


Oklahoma Slate University—School of Electri¬ 
cal and Computer Engineering. Tenure track 
faculty positions are available at all levels in the 
areas of energy systems, controls, communica¬ 
tions, photonics, signal processing and com¬ 
puter systems. A doctorate Is required. A dedi¬ 
cated staff is available to assist faculty in the 
preparation of proposals and in the identifica¬ 
tion of potential funding sources. Rank and sal¬ 
ary will be commensurate with experience and 
qualifications. Positions will remain open until 
filled. Send resume, sample publications, a 
statement of research interests and the names 
of three references to James Baker, Head, Elec¬ 
trical and Computer Engineering, Oklahoma 
State University, Stillwater, OK 74078. Phone 
(405) 744-5151, FAX (405) 744-6187. An EEO/AA 
employer. 


South Dakota State University has two open As¬ 
sistant Professor positions in Electrical En¬ 
gineering. PhD in EE or related discipline pre¬ 
ferred. Will consider persons with an MS in EE 
plus 30 additional graduate semester credits 
and 3 years full time relevant experience. Pre¬ 
fer relevant significant industrial experience, 
earned BSEE degree from, or evidence of sig¬ 
nificant teaching in, ABET accredited program. 
Tenure track contingent upon qualifications. 
Must have effective English communication 
skills. Desire demonstrated teaching skills, a 
record of sponsored research participation, the 
potential to obtain external research funding 
and demonstrated expertise in one or more of 
the following areas: electromagnetics, microe¬ 
lectronics, microprocessor systems, or elec¬ 
tronic materials and devices. Other technical 
specialties will be considered. Proposed ap¬ 
pointment date is August 16,1991; however, re¬ 
view of applications will begin on May 15,1991 
and continue until all positions are filled. Brook¬ 
ings, a city of 16,000 on the eastern edge of the 
state, is within 4 hours driving time of 
Minneapolis-St. Paul. The area is known for Its 
outdoor recreational activities. For more infor¬ 
mation and an application form, write Dr. Virgil 
G. Ellerbruch, Department Head, Electrical En¬ 
gineering Department, Box 2220, SDSU, Brook¬ 
ings, SD 57007-0194. SDSU is an Affirmative Ac- 
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tion/Equal Opportunity Employer. (Male/Fe¬ 
male). Women and minorities are encouraged 
to apply. Proof of eligibility for employment re¬ 
quired by the Immigration Reform and Control 
Act of 1986. 

Electrical Engineering Faculty Position. The 
Department of Electrical Engineering at the 
University of Alaska Fairbanks invites applica¬ 
tions for a faculty position in the area of elec¬ 
tric power. A Ph.D. is required. The department 
provides a high quality program of study at the 
bachelor’s and master’s degree levels. An inter¬ 
disciplinary Ph.D. degree program can be ar¬ 
ranged for interested students. Excellence In In¬ 
struction is recognized and strongly supported 
as is faculty participation in engineering re¬ 
search. Professional registration or the ability 
to become registered within three or four years 
Is strongly desirable. Effective English lan¬ 
guage communication skills are essential. En¬ 
gineering facilities include a VAX 8800, numer¬ 
ous mini and microcomputers and support fa¬ 
cilities for electrical engineering research. Sal¬ 
ary and benefits are excellent. Applications 
should be postmarked by May 30,1991. Submit 
applications to: Dr. John Aspnes, Head, Depart¬ 
ment of Electrical Engineering, School of En¬ 
gineering, 539 Duckering Building, University of 
Alaska, Fairbanks, Alaska 99775. Preference 
will be given to U.S. citizens and permanent resi¬ 
dents. Your applications for employment with 
the University of Alaska may be subject to pub¬ 
lic disclosure if your selected as a finalist. The 
University of Alaska is an Equal Opportunity/Af¬ 
firmative Action Employer and Educational In¬ 
stitution. 

The University of Michigan. Research scientist 
position in submillimeter-wave receivers and 
systems. Ph.D. in electrical engineering, phys¬ 
ics or astronomy, with experience in mil- 
limeter/submillimeter-wave instrumentation. 
Send resume to Dr. FT. Ulaby, 3228 EECS Bldg., 
Univ. of Mich., Ann Arbor, Ml 48109-2122. A non- 
discriminatory/affirmative action employer. 

Faculty Position: Electrical Engineer: This po¬ 
sition comes under the auspices of the Cooper¬ 
ative Developmental Energy Program (CDEP) 
and is contingent upon External funding. This 
position is dedicated to the Fort Valley State 
College-University of Nevada Las Veg^as 3-^2 
dual degree Program. Qualifications: The suc¬ 
cessful candidate must have a Ph.D. in Electri¬ 
cal Engineering and two or more years of teach¬ 
ing experience. Preference will be given to those 
with interest in utilizing new educational ap¬ 
proaches. Major Responsibilities: The success¬ 
ful candidate will teach the beginning level elec¬ 
trical engineering courses; set up electrical en¬ 
gineering laboratories and establish a research 
program that will involve undergraduate stu¬ 
dents; consult and interact with colleagues at 
the Howard R. Hughes College of Engineering 
at the University of Nevada, Las Vegas on 
course content; and perform other duties as¬ 
signed by the Director of CDEP. Salary: Negotia¬ 
ble. Effective Date of Appointment: July 1,1991 
or until position is filled. Application Deadline: 
May 15,1991. Application: Send letter of appli¬ 
cation, resume, official transcript(s) and 3 refer¬ 
ences to: Dr. George Canty, Head, Department 
of Chemistry, P.O. Box 4196, Fort Valley State 
College, Fort Valley, GA 31030. An Equal Oppor¬ 
tunity/Affirmative Action Employer. 

Senior Scientist: Sunnybrook Health Science 
Centre, University of Toronto, Research Program 
in Aging. Will perform original research, col¬ 
laborate with other scientists and supervise 
graduate students within focus areas of: (1) bi¬ 
omechanical studies of falls; (2) neuroimaging 
techniques in the diagnosis of mental dysfunc¬ 
tion; and (3) assistive technology to promote 
mobility and independence. Prospective candi¬ 
dates should have a Ph.D. or M.D., proven re¬ 
search experience; publications and estab¬ 
lished grants. Applicants should forward their 
curriculum vitae, quoting file #HC-1001 to: Dr. 
Geoff Fernie, Director, Research Program in Ag¬ 
ing, c/o Personnel Department, Sunnybrook 
Health Science Centre, 2075 Bayview Ave., 
Toronto, Canada M4N 3M5. 

Faculty Positions— The Citadel, the Military 
College of South Carolina, in Charleston, 
solicits applications for a faculty position in 
Electrical Engineering, with initial appointment 
for up to two years. Conversion to tenure track, 
subsequent to appointment, may become pos¬ 
sible. The position is at the Assistant or Associ¬ 
ate Professor level with a competitive salary 


commensurate with qualifications. The Ph.D. 
degree is preferred, and the ability and desire 
to teach in an undergraduate Electrical En¬ 
gineering program (including evening classes) 
are essential. U.S. citizenship or permanent 
resident status Is required. Opportunities for lo¬ 
cally supported research are limited, but ex¬ 
panding, Specializations preferred are in the 
areas or power and communications. Deadline: 
June 20,1991, or until positions is filled, with on¬ 
going screening of applications. Starting date: 
August 20,1991. Send resume and list of three 
references to Dr. Harold W. Askins, Jr., Profes¬ 
sor and Head, Department of Electrical En¬ 
gineering, The Citadel, Charleston, SC 29409. 
Telephone: 803-792-5057. 

Faculty Position available in Electrical En¬ 
gineering and Computer Science, The Universi¬ 
ty of Michigan, Ann Arbor, Michigan. Applica¬ 
tions are solicited for faculty positions at all 
ranks. Qualifications include an outstanding 
academic record, significant involvement in re¬ 
search, a doctorate or equivalent in electrical 
engineering, computer engineering, or com¬ 
puter science, and a strong commitment to 
teaching and research. Senior software faculty 
and faculty in optoelectronics are of particular 
interest. Please send resume and names of five 
reference to: Professor George I. Haddad, Chair, 
Department of Electrical Engineering & Com¬ 
puter Science, The University of Michigan, Ann 
Arbor, Ml 48109-2122. An Equal Opportunity/Af¬ 
firmative Action Employer. 


University of Wisconsin-Madison, Philip Dun¬ 
ham Reed Chair in Electrical & Computer En¬ 
gineering. The University of Wisconsin- 
Madison is resuming its search for a highly 
qualified and internationally recognized scien¬ 
tist or engineer to fill the Endowed Philip Dun¬ 
ham Reed Chair In Electrical and Computer En¬ 
gineering. Applications or nominations should 
be sent to: Professor Bahaa E.A. Saleh, Chair¬ 
man, Department of Electrical and Computer 
Engineering, University of Wisconsin-Madison, 
1415 Johnson Drive, Madison, Wl 53706-1691. 
Previous applications and nominations will be 
automatically reconsidered. The University of 
Wisconsin-Madison is an equal opportunity/af¬ 
firmative action employer. 


Faculty Positions in Electrical Engineering. The 
Department of Electrical Engineering and Com¬ 
puter Science at the University of Wisconsin- 
Mllwaukee invites applications for faculty po¬ 
sitions at all professorial ranks. Preferred areas 
of interest include, but are not limited to, elec¬ 
tromagnetics, solid state electronics and VLSI. 
Qualifications include an earned Ph.D., a com¬ 
mitment to research and teaching and the abil¬ 
ity to carry out a funded research program. Ap¬ 
plicants for senior positions are expected to 
have a distinguished record of accomplish¬ 
ment. Applicants should send a resume and the 
names of at least three references to: J.D. 
McPherson, Chair for Electrical Engineering, 
Department of Electrical Engineering and Com¬ 
puter Science, University of Wisconsln- 
Milwaukee, P.O. Box 784, Milwaukee, Wl 53201. 
UWM is an Equal Opportunity (M/F)/Affirmative 
Action Institution. 


Electronics Engineering Technology. Tenure 
track faculty position starting August 1991 to 
teach in several of the following areas: circuits, 
analog electronics, digital electronics, commu¬ 
nications, control systems. Masters degree and 
three years recent and relevant industrial ex¬ 
perience required. Teaching experience and a 
doctorate desirable. Open until filled. Screen¬ 
ing will begin May 6,1991. Send letter of appli¬ 
cation, resume, unofficial transcripts and the 
names, titles, addresses, and phone numbers 
of three reference to: Prof. David Perkins, Chair, 
Engineering Technology, University of Southern 
Colorado, Pueblo, CO 81001-4901. USC is an 
AA/EO Employer. 

Division of Science and Technology School of 
Microelectronic-Engineering Senior Lecturer 
(Continuing Appointment) Reference No. FI-91. 
The programmes within the school provide a co¬ 
ordinated coverage of integrated electronics 
within applications in the area applied to ana¬ 
logue and digital electronics and solid state 
physics, communications, computing, digital 
systems and control systems. The University is 
expanding Its activities in microelectronics and 
related areas and has developed extensive 
laboratories which include computer aided de¬ 
sign, digital systems and software engineering 
and control systems. A suite of fabrication fa¬ 


cilities (housing an ion implanter, pattern gener¬ 
ator and other processing equipment), commu¬ 
nications equipment (including weather satel¬ 
lite systems, VHF spectrum analyser etc), laser 
laboratories and access to extensive physical 
surface analytical facilities. Newer develop¬ 
ments include a number of general purpose re¬ 
search and special project laboratories. It is an¬ 
ticipated that the appointee will possess either 
extensive industrial or teaching experience and 
a good research record in the areas of digital 
systems and/or software engineering. Particu¬ 
lar teaching areas include digital circuits and 
systems and/or software engineering. The pur¬ 
suit of research in microelectronics is a require¬ 
ment of this position. The appointee will be ex¬ 
pected to commence duties as soon as possi¬ 
ble. The appointment may be made at the low¬ 
er part of the Senior Lecturer salary scale of 
A$43,984-$51,015 per annum. Applications from 
both women and men are encouraged. Employ¬ 
ment benefits include recreation and parental 
leave and superannuation. Assistance with 
removal expenses will be met for appointees 
from outside Brisbane. A range of child care ser¬ 
vices is available, though waiting lists may ap¬ 
ply. Further details are available from Mr. James 
R. Walden, Divisional Administrator, to whom 
applications, including curriculum vitae and the 
names, addresses and facsimile numbers of 
three referees should be sent by 28 June 1991. 
Griffith University, Nathan Old, Australia 4111. 
An Equal Opportunity Employer. 


Government/Industry 

Positions Open 


Engineer, Sr. Staff of Quality & Reliability. Plan, 
dev. & direct Total Quality Control (TOC) system 
for the company; dev. strategy for quality assur¬ 
ance tor 1C products; dev. & direct measure¬ 
ments & methodology for reliability test & fail¬ 
ure analysis; plan & define quality control sys¬ 
tem for advanced VLSI wafer fab operations In 
Taiwan; plan & set-up patent committee and 
document control center. PH.D. In EE + 3yrs. 
in job offered or In engineering required. Must 
have experience in wafer fab manufacturing, 
documentation & quality control, BICMOS, 0.8 
Micron process, thin film transfer technology. 
Must also know advanced MOS technology de¬ 
velopment and TOC. $4800/mo. Job site Inter¬ 
view: Sunnyvale, CA. Send ad with resume to: 
Job #DB 22008, P.O. Box 9560, Sacramento, CA 
95823-0560, no later than 5-1-91. 


Tech staff/CAD, fab. & testing of hIgh-Tc super¬ 
conductor (HTS) & HTS/semiconductor circuits 
for microwave appl., Incl. filters, trans. lines, 
phase shifters, mixers, antennas & related sys¬ 
tems. Reqs. PhD/EE; knowledge of electromag¬ 
netic & antenna theory, microwave tech & test 
apparatus, superconductor phenomena & 
devices, semiconductor devices & circuits, fil¬ 
ter theory, signal analysis, microfabrication 
tech. FT; $5,000/mo. Job site & interview: Sun¬ 
nyvale, CA. Send ad & resume application to 
Job No. SK 2085, RO. Box 9560, Sacramento, CA 
95823-0560 by 4/30/91. 


_ g Senior CAD Engineer Develop & 
characterize advanced computer models for 
VLSI and ULSI semiconductor manufacturing 
process/equipment design, incl. top-down pro¬ 
cess design, integration, control and diagnosis. 
Ph.D.’s in either Electronics or Electrical Engr’g. 
or Electronics Engr’g. & C.S. opr Electrical 
Engr’g. & C.S. Academic project/research back¬ 
ground in statistical/physical modeling and 
characterization of CVD process/equipment for 
CAD, integration, control and diagnosis of semi¬ 
conductor manufacturing, incl. LPCVD thin-film 
deposition and clean room operations; also C, 
FORTRAN, UNIX, TCAD simulators, incl. SAM¬ 
PLE, SUPREM & SPICE and statistical analysis 
software, ids. RS/1; academic coursework in 1C 
Digital and Analog Design, 1C Device and 
Processing, Probability & Statistics, Al and Ex¬ 
pert Systems. $4,700/mo.; 40 hrs./wk. Place of 
employment and interview: Santa Clara, CA. If 
offered employment, must show legal right to 
work. Clip ad and send with resume to: Job No. 
MD 21090, P.O. Box 9560, Sacramento, CA 
95823-0560 not later than May 1,1991. The cc 


Help Wanted: Senior System Software Engineer. 

By 5/1/91 Please send resume to: Employment 
Security Department, ES Division, Att: Job # 
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CLASSIFIED ElVIPLOYIVIENT OPPORTUNITIES 


this ad & a resume to Job #BA26025, RO. Box 
9560, Sacramento, CA 95823-0560 not later than 
April 30, 1991. Must have legal right to work. 


246223, Olympia, Washington 98504. Job 
Description: Designs, implements and tests 
complex and high level systems and software 
for micro computers. Assumes senior respon¬ 
sibility to design the graphics engine for 
Presentation Manager utilizing MS-DOS, Win¬ 
dows and OS/2 operation systems, “C” and 86 
Assembler Series family of languages. De¬ 
velops and Implements font driver to achieve 
“what you see is what you get” (WYSIWYG) dis¬ 
plays for OS/2. Assumes major project respon¬ 
sibility Including: 1) requirements and analysis 
of project specifications; 2) product design; and 
3) implementation schedules. Requirements: 
M.A. or M.S. in electrical engineering, computer 
science, mathematics or physics. Six months of 
work experience developing and implementing 
font technology to achieve WYSIWYG display 
including design and development of font driv¬ 
er or advanced printer drivers (imaging model). 
This must include six months of work ex¬ 
perience utilizing MS-DOS, Windows and mul¬ 
titasking operating systems, and “C” and 86 as¬ 
sembler series family of languages. Must have 
legal authority to work in the United States. Job 
locations: Redmond, Washington, Salary: 
$37,500-$50,000 per annum, depending on ex¬ 
perience, 40 hours per week, flex time. EOE. 

Help Wanted: Senior Systems Software En¬ 
gineer, International Product Group. By 5/1/91 
please send resume to: Employment Security 
Department, ES Division, Att: Job # 245651, 
Olympia, Washington 98504. Job Description: 
Designs, implements and tests complex and 
high level systems and software for micro com¬ 
puters. Assumes senior responsibility to design 
and adapt graphics business applications soft¬ 
ware for sale in foreign markets. Utilizes 86 As¬ 
sembler Series and “C" languages, MS-DOS 
operating system and IBM PC computer. De¬ 
signs and modifies graphical user interface 
software products for international sale. Imple¬ 
ments and maintains international kits and de¬ 
velopment tools for graphics business applica¬ 
tions software using streamline editors and 
parsing languages. Conducts design and code 
review for adaptation of software for interna¬ 
tional sale. Assumes major project responsibil¬ 
ity including: 1) requirements and analysis of 
project specifications; 2) product design; and 
3) implementation schedules. Requirements: 
Masters in electrical engineering, computer 
science, mathematics for physics. Six months 
work experience in programming or computer 
software design utilizing MS-DOS operating 
systems 86 Assembler series and “C” lan¬ 
guages, and streamline editors and parsing lan¬ 
guages and designing development tools and 
design, modification of graphical user interface 
and design and code review. Must have legal 
authority to work in the United States. Job Lo¬ 
cation: Redmond, Washington. Salary: 
$37,500-39,000 per annum, depending on ex¬ 
perience, 40 hours per week, flex time, EOE. 


Design Engineer—Hard Disk Drives, 40 hrs./wk. 
9:00 am -5:00pm, $38,000/yr. Design/modifica¬ 
tions of circuits for computer components such 
as hard disk drives. Establish test parameters 
for printed circuit boards. Develop custom test¬ 
ing equipment. Train technicians in disk drive 
repair. MS in Electrical Engineering and Com¬ 
puter Science as well as 3 years experience as 
a Design Engineer—Hard Disk Drives or as a 
Design Engineer required. Previous experience 
must include microprocessor system design, 
motion and linear control, phase lock loop de¬ 
sign, filter design. Graduate coursework must 
include: Advanced Control Theory; Concurrent 
Computer Systems; VLSI Design. Must have 
proof of permanent legal authority to work in 
the U.S. Send resume to: Illinois Department of 
Employment Security, 401 South State 
Street-3 South, Chicago, Illinois 60605, Atten¬ 
tion: Len Boksa, Reference #V-IL-2143-B, No 
Calls, an employer paid ad. 


Marmara Research Centre of the Turkish Scien¬ 
tific and Technical Research Council invites ap¬ 
plications from scientists and engineers in¬ 
terested in working the lively environment of the 
best and largest R&D laboratories of Turkey on 
in-house and contract research projects in the 
fields of: Basic sciences; Electronics and Com¬ 
munications; VLSI Design; Optoelectronics; 
Speech Processing; Radio Astronomy; Re¬ 
motes Sensing; Artificial Intelligence; Com¬ 
puter Engineering; Robotics; Control Systems; 


Materials; Chemical Engineering; Biotechnolo¬ 
gy; Environmental Engineering; Energy. The 
Centre, situated near the exciting and ancient 
city of Istanbul on the beautiful shores of the 
Sea of Marmara, is closely associated with aca¬ 
demic and Industrial establishments in the 
area. Pleas send your application together with 
CV and expected salary to: Prof. Nejat Ince, Tu- 
bitak Marmara Research Centre, P.K.21, 41470 
Gebze-Kocaeli, Turkey. For more information 
call: (90)199-11678. 


research and design mathematical algorithms 
that perform steady state electric utility net¬ 
work dispatcher, optimal power flow & voltage 
scheduler functions on real-time energy 
management computer systems. Will utilize 
FORTRAN & “C” to code algorithms & integrate 
into large, multi-main frame computer system. 
Must have MS in electrical engineering, with re¬ 
search in real-time steady state operation of 
large-scale power systems, utilizing linear 
mathematical techniques to solve dispatcher & 
optimal power flows. Must have used FORTRAN 
& “C” programming language for MS level 
courses & thesis work. Must be a U.S. citizen or 
permanent resident. Salary $3200/month. Send 
resume to: Sara Springmeyer, #0-213, Minneso¬ 
ta Department of Jobs & Training, 390 No. 
Robert St., Room 124, St. Pau 1, M N 55101. an Af¬ 
firmative Action Employer. 


Senior Research Engineer Conduct R&D in: 
Glass batch house control system design; 
glass thickness measurement computer sys¬ 
tems; glass tank, bath, and lehr computer data 
collection systems; process measurement and 
control systems; tank and bath expert systems. 
Ph.D. required in Electrical Engineering or Com¬ 
puter Science. Must know C, FORTRAN, Assem¬ 
bler, WDPF languages; VAX, IBM and Apple 
hardware; Artificial Intelligence expert system 
design and implementation; and digital, opti¬ 
mum and sensor-based control systems. 
$44,700/yr. Send resume to New Kensington Job 



Design Engineer needed to develop and imple¬ 
ment series of high voltage and high power den¬ 
sity dc-dc converters using hybrid technology 
to meet military standards and environmental 
tests. Design high voltage dc-dc converter, 
transformer. Inductor and electromagnetic in¬ 
terference filter. Apply proportional integral 
control, linear optimal control and adaptive 
control techniques for dc-dc converter. Develop 
C language-based software programs utilizing 
state equation, optimization theory, finite ele¬ 
ment analysis and numerical solutions to sup¬ 
port converter and magnetic designs, to ana¬ 
lyze thermal distribution, electrical and 
mechanical stress and to predict converter 
steady-state and dynamic responses. Requires 
a MS degree in Electrical Engineering and 2 
years exp. in design high voltage dc-dc convert¬ 
er and electromagnetic interference filter, ap¬ 
ply linear optimal and adaptive control tech¬ 
niques, finite element analysis and C language 
to support converter design. 40 hours work 
week. $40,200 per year. Position permanently in 
the U.S. Send resumes by May 1,1991 to Employ¬ 
ment Security Department, E.S. Div., Job No. 
248646-C, Olympia, WA 98504. Ad paid by equal 
employment opportunity employer. 


Electrical Engineer, Member of Technical Staff, 
Resp. for architecture, design, implementation, 
and debug of digital signal processing software 
for high-speed PSTN modems; duties incl. anal¬ 
ysis and eval. of single and multi-carrier modu¬ 
lation and demodulation schemes and effects 
of channel impairment; method and algorithm 
design to implement architecture; design and 
writing of code on high level languages and as¬ 
sembly, simulation, debug documentation. 
Reqs. PhD. in E.E. Also reqs. doctoral research 
cone, and track record of contribution/innova¬ 
tions in audio frequency digital signal pro¬ 
cessing; also reqs. backgr. in development of 
complex software using high-level languages 
and involving at least 10,000 lines of code; 
knowl. of assembly language programming; 
info, coding theory; control systems; adaptive 
systems; design and implementation of com¬ 
puter simulations; communications theory, 
modulation and demodulation. Salary $55,008/ 
year. Job & interview site; Sunnyvale, CA. Send 


Research Engineer. Resp. for development and 
fabrication protocols for the "PRONG” microe¬ 
lectrode system and peripheral recording and 
discrimination system for neural signaT pro¬ 
cessing. Duties incl. design & development of 
efficient algorithms, software, and hardware to 
store, process and analyze neural signals, as 
well as technical documentation. Reqs. a Ph.D. 
in EE and 1 yr. exp. in biomedical data analysis, 
knowledge of neural recording & discrimina¬ 
tion. IBM PC assembly, “C”, and window 
programming. Education must incl. digital sig¬ 
nal processing, detection & estimation theory, 
stochastic point processes, information theory, 
and error-correct coding. 40 hours per week at 
$30,200/yr. Must have legal authority to work in 
the US. Permanent residents & US citizens only 
need to apply. Job & interview location— 
Clarksburg, MD. Mail resume & a copy of this ad 
to: Maryland Department of Economic and Em¬ 
ployment Development, 1100 North Eutaw 
Street, Room 212, Baltimore, MD 21201. Refer to 
Job order # 9047347. Ad paid by an Equal Em¬ 
ployment Opportunity Employer. 


Design Engineer for Central Wisconsin biomed¬ 
ical software & equipment firm to design, de¬ 
velop, improve & maintain software for com¬ 
puter controlled sequence scanner for DNA se¬ 
quencing and analysis using medical terminol¬ 
ogy; design algorithms tor obtaining discrete 
data by using a photo-detector and an A/D con¬ 
verter, tracking curved lanes and scanning one 
laneset after another; processing the data to 
get the finale sequence. Including filtering 
noises, calling bases, deleting extra bases, fil¬ 
ing gaps, shifting data, & checking final se¬ 
quences. 6 mos. exp. req. in above job duties, 
along with an M.S. degree in electrical engineer¬ 
ing (must have one course each in advanced 
calculus, numerical analysis, & applied linear 
algebra). M-F 8AM-5:30PM. $28,000/yr. Must 


CAE Software R&D Engineers—Magnetics: An- 
soft Corporation is a CAE software leader in 
the electromagnetics and electronics indus¬ 
tries. Ansoft’s line of software products— 
MAXWELL® Software—is marketed world¬ 
wide. Ph.D. positions require a Ph.D. in EE with 
3-1- years experience in FEA and emphasis on 
magnetics; experience with C-^-^ or C, Unix 
and X-Windows preferred. MSEE/BSEE posi¬ 
tions require 2+ years programming ex¬ 
perience, proficiency in C-i- + (or C), with Unix 
and X-Windows background; experience with 
PC and Macintosh and knowledge of FEA 
desirable. Successful candidates will work in a 
team environment to carry out projects from 
conception, design, and implementation to fin¬ 
ished product. Send resume to Ansoft Corpora¬ 
tion, Engineering Recruiting, Four Station 
Square, Suite 660, Pittsburgh, PA 15219. 

Electronic Engineer-A leading offshore navi¬ 
gation company located in Houston, Texas, has 
an immediate opening for an electronic en¬ 
gineer with strong R.F./Digital capability. Posi¬ 
tions involves supervising technicians and R&D 
projects used in the radio navigation and GPS 
satellite industry. Interested applicants should 
forward their resume to Operations Manager, 
NCS International Inc., P.O. Box 891266, Hous¬ 
ton, TX 77289-1266. 

Microwave Engineer/Semiconductor Physisist— 
The applicant should have a PhD Degree in 
Electrical Engineering or Semiconductor Phys¬ 
ics. He/she should have experience in the area 
of semiconductor physics with applications to 
non-linear semiconductor microwave devices. 
General knowledge in the field of microwave cir¬ 
cuit design and in particular the design of low 
noise and high power microwave transistors 
will be his/her major responsibility. Our soft¬ 
ware oriented environment requires the knowl¬ 
edge of a programming language such as C or 
FORTRAN. Applicants who are willing to work 
with a motivated research team are encouraged 
to mail a resume to; Compact Software, Inc., 483 
McLean Blvd. & 18th Avenue, Paterson, New Jer¬ 
sey 07504, Attn: Dr. A. Hill. 

Staff Engineer: Req. Ph.D. in Computer Science 
and 3 yrs. exp. design and development of dis- 
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distributed operating systems, Inciuding im¬ 
plementation of distributed file systems, 
Interprocess communication, and kernels. Also 
requires research in algorithms and concepts 
for naming in distributed systems. To design 
and develop a distributed, concurrent object- 
oriented operating system. $74,000/yr. Job 
site/interview: Mountain View, CA. Clip ad and 
send with resume no later than April 30,1991 to 
Dept. RASA, RO. Box 90295, San Jose, CA 
95109-3295. Upon hire must show Immediate 
ability to work In the United States. 

Research Position Rehabilitation Engineering 
& Science. The Palo Alto VA Rehabilitation R&D 
Center invites applicants holding an advanced 
degree in engineering or the physical or life 
sciences, for a research position In mus¬ 
culoskeletal biomechanics, neuromuscular 
control, and rehabilitation. The candidate is ex¬ 
pected to become involved in ongoing, funded 
projects and to develop new research areas as 
Principal Investigator. Extensive interaction 
with students and research and medical col¬ 
leagues at the VA Medical Center and Stanford 
University Is involved. Targeted start date is ap¬ 
proximately October 1,1991. Please send a re¬ 
sume and names and phone numbers of three 
references to: Kevin McGill, Ph.D., Rehab R&D 
Center (153), VA Medical Center, 3801 Miranda 
Avenue, Palo Alto, CA 94304-1200. Salary de¬ 
pends on qualifications. The VA is an equal op¬ 
portunity employer. 

Engineer, Electrical: Control Systems En¬ 
gineers. Design and detail engineering for DCS 
(Honeywell) system and PLC system for refin¬ 
ery/chemical installations. Oversee generation 
of wiring diagrams and design interconnecting 
cable systems to marshaling panels, local con¬ 
trol panels or field devices. Design of analog 
and digital control signals to Honeywell DCS 
system, as well as shut down logic signals to 
PUC system. Generate DCS, PLO system and in¬ 
strumentation functional and detailed specifi¬ 
cations. Utilize DBase III Plus, Lotus, and 
computer-aided instrument electrical system 
software to develop an instrument index, data 
sheets, and loop diagrams. Requires bachelor’s 
degree in electrical engineering or instrumen¬ 
tation with at least 3-5 years of employment in 



conceptual, basic and detail design engineer¬ 
ing for refinery and/or chemical industries. Ex¬ 
perience must include estimating, scheduling, 
engineering, procurement and start-up of DCS 
(Honeywell) and PLC systems, as well as system 
configuration, integrated testing, process simu¬ 
lation, and application programming. Ex¬ 
perience must also include utilization of Honey¬ 
well TDC 3000, including Honeywell interactive 
graphics generation, database generation for 
latest Honeywell Controller Process Manager 
(PM) and Critical Process Controller (CPC). 
Must be fluent in DBase III Plus, Lotus and an 
electrical instrumentation software package. 
Position/interview based out of San Francisco. 
Position subject to substantial relocation 
throughout U.S. Present job site, Houston, next 
sit undetermined. $3,360-4,000/month, DOE. 
Send copy of this ad with resume to Job num¬ 
ber AM 7072, P.O. Box 9560, Sacramento, CA 
95823-0560 no later than April 30,1991. An equal 
opportunity, affirmative action employer. 

Research and development of high-performance, 
dependable, real-time control computing sys¬ 
tems. Responsibilities are to: (1) research, es¬ 
tablish, and automate effective algorithms, de¬ 
sign methodologies and procedures for 
scheduling workloads with hard deadlines; and 
(2) design real-time system level architecture 
and conduct detailed functional verification 
and performance analysis. Successful candi¬ 
date must have a Ph.D. in Computer Science or 
Computer Engineering, an M.S. or B.S. in Elec¬ 
trical Engineering and at least 4 years related 
research experience. The candidate must fur¬ 
ther be able to demonstrate (1) background in 
fault-tolerant architectures, including STAR, 
FTMP, SIFT, and FTPP; (2) full understanding of 
the theories and practices of mathematical 
programming, scheduling, queueing, and 
statistical decision-making; (3) at least 3 years 
hands-on systems in the modeling and analy¬ 
sis of hard real-time experience using GSPN, 
SAN, CTMC, randomization method and HARP; 
(4) expertise in modeling, assignment, schedul¬ 
ing and load-sharing of tasks; (5) strong 
familiarity with VMS or UNIX. Fluent in at least 
five of these programming languages: Assem¬ 
bly, Fortran, Pascale, C (or C-h -i-). Lisp, Prolog, 
ADA, and/or PL/M; (6) knowledge of data depen¬ 


dency analysis, LAN, control theories, and Al. 
Proof of legal right to work in U.S. is required. 
Permanent residents and U.S. citizens only need 
apply. Work hours are 9:00 am—4:45 pm. Sala¬ 
ry range is $46,500 to $55,000. Columbia, MD lo¬ 
cation. For consideration, send your resume 
and a copy of this ad to: Maryland Department 
of Economic and Employment Development, 
1100 North Eutaw Street, Room 212, Baltimore, 
MD 21201. Refer to Job order 9046908. EOE. 

Process Engineer: Senior and intermediate en¬ 
gineers, with a suitable background In either 
chemistry, electrical engineering, or physics, 
are sought to develop innovative processing 
techniques for high power silicon devices. Can¬ 
didates must have experience in all phases of 
silicon device processing. The candidate must 
be motivated and capable of developing innova¬ 
tive, original and efficient designs for solid 
state systems for use In military and commer¬ 
cial environments. The senior and intermediate 
engineers will possess an B.S./M.S./Ph.D. along 
with several year’s experience commensurate 
with the desired position. For confidential con¬ 
sideration, please send your application and re¬ 
sume to Personnnel Department Suite 354 Box 
5000 Solana Beach, CA 92075. Candidates must 
have U.S citizenship. 

Detector Technician. The Continuous Electron 
Beam Accelerator Facility (CEBAF) has an 
opening for a particle detector/fast electronics 
technician. Contact Dr. Carlini (804) 249-7123 for 
information. Applicants should submit a re¬ 
sume specifying position number PR7203 to: 
Employment Manager, CEBAF, 12000 Jefferson 
Avenue, Newport News, VA 23606. CEBAF is an 
Equal Opportunity Employer. 

Computer Scientist: Designing and manufac¬ 
turing automated circuit board inspection sys¬ 
tems based on a patented x-ray laminography 
technology. Requires a computer scientist to 
create real-time image understanding al¬ 
gorithms. Ph.D. in computer engineering re¬ 
quired. One year experience required. Salary of 
$47k per year plus stock. Job Site/Interview: San 
Diego, CA. Please send ad and your resume to 
Job No.: BLW 9086, RO. Box 9560, Sacramento, 
CA 95823-0560 no later than May 1, 1991. 


Advanced motor development 

DESIGN AND MANUFACTURING 

GENERAL MOTORS CORPORATION 


Introducing advanced safety and comfort systems on future GM cars and trucks has created engineering and 
management opportunities with several GM divisions located in southeast Michigan. Candidates should have a 
BS degree (MS preferred) in electrical engineering and experience in one of the following areas: 

• BRUSHLESS MOTOR DESIGN: Develop PM brushless actuator motors for advanced automotive control 
systems. Develop and apply state-of-the-art optimization and simulation techniques to the motor design. 
Explore new motor configurations utilizing new materials and devices; and various motor control strategies. 


BRUSHLESS MOTOR MANUFACTURING: Provide a technical resource to a production team introducing a 
new product and in support of the continuous improvement in all areas of the motor manufacturing process. 
Liaise with motor design engineers and with equipment and material suppliers. 

DC MOTOR DEVELOPMENT: Design and analyze small, efficient dc motors for automotive fuel delivery 
systems using advanced CAE and Finite Element techniques. 



Electrical and Electronic 

Engineering Department 

General Motors Research Laboratories 

30500 Mound Road 

Warren, Michigan 48090-9055 


If you qualify, send resume to: 
Dr. Linos J. Jacovides 















PROFESSIONAL CONSUiriNG SERVICES 


ADVERTISING RATES 

1 Insertion—$310 12 Insertions—$3360 

50% discount to IEEE members on three or more insertions. 

If you are an IEEE member, please enclose your membership number with the order. 
Copy cannot exceed 1-inch in depth. 

No product may be offered for sale. 

Advertising restricted to professional engineering and consulting services. 

No orders can be accepted by telephone; order and copy must be sent together. 

For any further Information and closing dates please contact; 
_ Advertising Production Dept., 212-705-7579. _ 


THE CONSULTING GROUP 

• RF, Microwave & Fiber Optic Systems 

• RF, Microwave Fiiters, Amplifier, 

Osciiiator & Synthesizer/PLL Design. 

• Asynchronous, Synchronous Data 
Transmission, MODEM’S Concentrators, 

Nodes, WAN (X25, SNA) PBX, PAD 

71-25 Austin St., Forest Hills, NY 11375 (718) 793-0777 


0.0. F^. inc 

OPTICS • COATING • RESEARCH 

• OPTO-MECHANICAL ENGINEERING 

• INFRARED SYSTEM ANALYSIS 

• FLIR DESIGN & TEST 

• HEAD UP DISPLAYS 

• SPECTROSCDPIC INSTRUMENTS 

• OPTICAL DESIGN & TEST 

Marvin Hutt (2D1) 337-3155 

1D7 MANITO AVE, OAKLAND, N.J. 07436 


Robert J. Abend, P.E. 

Electronics Consultant 

Hardware & Software Design—Neural Nets 
Optical Pattern Recognition—ATE Design 

1265 Palmdale Circle Telephone & FAX 

Palm Bay, FL 32905 (407) 952-2216 




RF/Analog Circuit Design 

• Communications Equipment Design 

• Synthesizers/Phase Locked Loops 

• ActIve/Passive/RF Filters 

I • Analog Signal Processing 

• Audio Processing Circuits 

RLM Research Steven L. Maddy 

RO. Box 3630 President 

Boulder, CO 80307 Tel: 303/499-7566 FAX: 303/499-0877 


NOISE, TRANSIENTS AND INTERFERENCE 

• FCC, VDE, EMC/EMI 

• Susceptibility, ESD, RF, Transients, Lightning 

• Testing & Retrofit for Product Enhancement 

• UL, VDE, CSA, Other Safety-Related Specs 

• Noise-Immune Designs and Prototypes 

• FCC Compliance Training & Retrofits 

™E Ph a™*” 

' CORPORATION SSOS SStli St. lioith 

(813)544-2594 PInallu Park, FL 34886 


ALDERCREST E.O. SYSTEMS INC. 

Assisting others in new product deveiopment: 

• market surveys • CUSTOM FIBER OPTIC COMPONENTS 
(ACTIVE & PASSIVE) • ULTRASENSITIVE LIGHT 
SENSORS (FOR MEDICAL, REMOTE SENSING) • INDUSTRIAL 
CONTROLS • GAMMA AND X-RAY DETECTOR DESIGN 

We don't hang around adding to your overhead. 
(514) 683-8292 

New England Rep: Desimone Assoc. Inc. (617) 444-9566 




RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 

• Radhaz & Environmentai Impact 

• Simulations of Fields & Phenomena 
Jeremy K. Raines, Ph.D., RE. 

President (301) 279-2972 


Infolytica Corp. (514) 849-8752 

Expert electromagnetics design & analysis 
using MagNet 2D and 3D FEA software. 

• motors • magnetizing fixtures 

• transformers • recording heads 

• actuators • NMR applications 

• levitators • magnetic bearings 

• CRT design • etc... 

1140 UeMalsonneuve, Suite 1160 Montreat. Canada, H3A IMS 


International Compliance Corporation 

Design, Test, & Consuiting 

• FCC Certification/Verification 

• VDE, CISPR, VCCI (Japan) 

• “1992” European Compliance Testing 

• Product Safety: UL, CSA, iEC, VDE 

• Eiectrostatic Discharge (ESD) 

• MIL-STD 461/462, NARTE-Certified Engineer 

812 Office Park Circie (214) 221-7071 

Lewisviile, Texas 75057 TELEX: 403482 (ICC DAL) 




CONTROL SYSTEM CONSULTING 

• Servo design, high performance motion 
control, synthesis, system performance, 
simuiation, specs, integration, testing 

• Electrical, mechanical, hydraulic 

• Defense, aerospace, industrial experience 

30 East Gate Road A.R. Hazelton 

Danbury, Conn. 06811 (203) 743-7002 


Charles E. Mullett, RE. Karl B. Keller 

MULLETT ASSOCIATES, INC. 

THE POWER SUPPLY DESIGN EXPERTS 

Specializing In switching power supply design 
and prototypes • Design reviews • Product 
testing and evaluation • Magnetics design 
• Mag amp regulators, etc. 

5301 Beethoven St., Los Angeles, CA 90066 
(213) 306-4075 


INTEGRATED OPTICAL CIRCUIT CONSULTANTS 

Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 
• Applications Engineering 
• Design, Fabrication and Evaluation 
• Critical Analysis of Technology 
• Troubleshooting 
• Marketing 

R.A. Becker, D. Sc. 

President 10482 Chisholm Ave. 

(408) 446-9812 Cupertino, CA 95014 




RESEARCH AND DEVELOPMENT ELECTRONICS 


LEONARD R. KAHN, P.E. 

Consultant In Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception ■ Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 


SUMMIT DESIGN 

• Specializing In medical product development 

• Ultrasonic Doppler and Imaging 

• Low noise wideband amplifiers 

• Analog and digital signal processing 

• Laboratory and prototyping facilities 

For further Information contact: 

Steve M. Gehibach, Ph.D., President 

Kesa Corporation 4701 Patrick Henry Drive fftSOI 
(408) 748-1814 Santa Clara, CA 95054 

Communication Engineering 

Specializing In Spread Spectrum Product Development 
• Systems Analysis • Circuit Design • Stripline <5 
Microstrip • Digital Signal Processing • RF Board Layout 
• RF Packaging Design • Systems Integration 
• Production Ramp-up 

Stephen Hatcher, President 

879 Rainier Avenue North, Suite A103 

Renton, Washington 98055; (206) 772-6422 




IRA J. PITEL, Ph.DL 

Consulting, Research and Development 

In Power Electronics and Magnetics 

Rower Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics. 
MAGNA-POWER ELECTRONICS, INC. 

135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


Analog/Microprocessor Application Software 

Circuits/instruments Assembiy fo 4GL 

PRODUCT DESIGNS 

Systems—Hardware & Software 

Frank Bosso, P.E. 

5 Frandon Drive Bus. (203) 792-8894 

Danbury, CT 06811 Home (203) 744-3437 


OSI MAP GOSIP 

• Education & Newsletters 

• Market & Product Planning 

• DIM Plans, Design & Integration 

SHIP STAR Associates 

Bob Crowder, President 

36 Woodhill Dr, #19 Newark, DE 19711 

Tel:302-738-7782, FAX:302-738-0855 

802 FIELDBUS MMS 
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Patent Attorney 

Electronics - Signal Processing 

I. lonescu, MSEE, PE, JD 
Patent Office Reg # 33185 
203-381-9400 (fax/voice) 

Box 697, Stratford, CT 06497 


APPLIED FILTERING 

KALMAN FILTERING, ADAPTIVE SIGNAL PROCESSING, DSP 

Applications To Radar & Communications 

• Tracking Radars 

• Spread Spectrum Communications 

• SAR Auto Focus Algorithms 

CONSULTING, DESIGN, ANALYSIS & SIMULATION 

Small & Large Projects Welcome 
P.D. Box 15464, Ann Arbor, Ml 48106 313-995-3680 


T-TECH. 


• FflEQ. SYNTHESIS (CONSUMER, BROADCAST, INDUSTRIAL. MIL) 

• FIBEROfTICS (LAN’S. VIDEO. AUDIO, DATA. CATV) 

• CATV EQUIPMENT DESIGN 

• RFT02GHZ: FILTERS. EQUALIZERS. SYSTEMS. CIRCUITS. PLL’s 

• PROTOTYPING, LAB, R & D. AND CAE FACILITIES 

• THIN/THICK FILM HYBRIDS OR ASIC’S (ANALOG OR MIXED) 


I.C. Assembly & Packaging 

Technical consulting for all aspects of 1C Packaging, 

• 1C Assembly Process Optimization 

• New Package Development 

• Failure & Reliability Analysis 

• Technology Transfer & Far East Mfg. 

• Engineering Training Seminars 



For more information call: 


P.O. Box 372 
Princeton Jet, NJ 08550 
(609) 448-8081 


MICRO RESEARCH co.. Ltd 
We are the top professional of 
• Microcomputer Based Product 


Please Contact: 

M9 Des Vbeux Rd. 
West, Hong Kong 


• Hardware/Software development 

• Semi-custom IC development 
-UCU, ASIC, ROM, Voice /Sound/ 


Melody IC 
• End Product 


Fax: 

(852) 858-2693 
(852) 559-3031 
74773 MICOR HX 




ADTEK 

2977 Willow Lane * Thousand Oaks * CA 91362 


CUSTOM EISA PC HARDWARE & SOFTWARE 
EISA SYSTEMS CONSULTING 



TECHNICAL SUPPORT: Richard Boring Bruce Rosner 

(805) 371-5761 


latent Attorney 

Robert E. Malm, Ph.D. (M.I.T.) 

Attorney At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (213) 459-3992 
F^: (213) 573-1781 


Aztek Engineering, inc. 

ELECTRONIC SYSTEM DESIGNERS 

• Biomedical Instrumentation 

• Industrial Instrumentation 

• Telecommunications • DSP 

J. Mark Elder, M.D., Ph.D. 2477 55th St., # 202 
(303) 786-9100 Boulder, CO 80301-5705 
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More Federal $$ for R&D? 

The Bush administration, despite its agree¬ 
ment with Congress to severely limit spend¬ 
ing, has proposed a 13 percent rise in R&D 
funds to US $75.6 hiliion. Defense R&D 
would get the lion’s share, with a 14 percent 
rise to $3 billion within the Pentagon and the 
Department of Energy. Several initiatives 
would spur cooperation among Federal agen¬ 
cies in key R&D areas. In particular, the pro¬ 
posed budget allots $638 million, up from 
$489 million, to the National Science Foun¬ 
dation, the Defense Advanced Research 
Projects Agency, and six other agencies to 
work on increasing current computer and 
communications capability by factors of 1000 
and 100, respectively, by the mid-1990s 
[THE INSTITUTE, April 1991, p. 1]. 

Self-help for chip Industry 

A mid-April workshop sponsored by the 
Government-industry National Advisory 
Committee on Semiconductors and the 
White House Office of Science and Technol¬ 
ogy is to develop a detailed plan for reviv¬ 
ing U.S. semiconductor manufacturing. The 
aim: to boost the industry’s worldwide mar¬ 
ket share. The funding: mostly from indus¬ 
try itself, to the tune of maybe billions of dol¬ 
lars over the next decade. In view: a IG-bit 
static RAM and chips for new markets in 
broadband communications, advanced dis¬ 
play system, and intelligent vehicle and high¬ 
way system [THE INSTITUTE, April, p.l]. 

Ttadeoffs of glohal technology 

The vanishing technology gap between the 
United States and other industrialized coun¬ 
tries has both beneficial and challenging con¬ 
sequences, according to speakers at the 
IEEE Power Engineering Society’s meet¬ 
ing in February in New York City. Benefits 
include access to a greater pool of technical 
talent, greater international technical 
specialization, and faster spread of superi¬ 
or engineering, managerial, and organiza¬ 
tional practices, said Proctor P. Reid, sen¬ 
ior program officer at the National Academy 
of Engineering. Drawbacks include intensi¬ 
fied competition between nations and the 
need in some fields for world-scale markets 
in order to recoup large investments [THE 
INSTITUTE, February, p. 6]. 

A 2.S-eh/5 Olympics first 

Warming up for the 1992 summer Olympics 
in Barcelona, Telefonica de Espaiia SA has 
become the first operator to test a 2.5- 
gigabit-per-second optical-fiber transmission 
line system that conforms to the syn¬ 
chronous digital hierarchy (SDH) standtud. 
Already a trial link between Valencia and 


Cuenca has proved successful. System de¬ 
veloper NV Philips of the Netherlands says 
the standard will make possible a single 
worldwide transmission system once specif¬ 
ic network components become available. 
SDH innovations include switchable-at-need 
transmission capacity and the ability to add 
or drop individual charmels. The standard 
was accepted in 1988 by CCITT [THE INSTI¬ 
TUTE, April, p. 1]. 

Research grants for IEEE memhers 

The Engineering Foundation in New York 
City has awarded US $20 000 grants to 10 
IEEE members to conduct university re¬ 
search over the 1990-91 school year. Be¬ 
sides funding research, the 76-year-old foun¬ 
dation supports efforts that contribute to 
public awareness of engineers [the insti¬ 
tute, April, p. 6]. 
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Coming 

in Spectrum 



CONSERVING U.S. ENERGY. What role should 
energy efficiency play in the United States’ 
future? The President’s National Energy 
Strategy disappointed many. Several ap¬ 
proaches that have the support of Congress 
deserve detailed consideration. 

SMART CARS ON SMART HIGHWAYS. Intelligent 
vehicle highway systems are arousing in¬ 
terest around the world because they would 
reduce travel time, the accident rate, fuel 
consumption—and pollution. This three-part 
article describes the goals of such a system, 
what is in the works in various countries, and 
what the socioeconomical problems are. 

NOTEROOK COMPUTERS FROM THE INSIDE. In¬ 
tricate dovetailing of ultraminiature parts fits 
the new notebook computer—complete with 
keyboard, video screen, hard drive, and bat¬ 
teries that last for up to three hours—into 
a 20-by-28-centimeter box weighing less 
than 3.5 kilograms. Here’s how it’s done. 

RATS, RADAR, AND VLSI. Knowledge of how 
bats navigate in the dark is pertinent to sonar 
and radar system design. At Brown Univer¬ 
sity, Providence, R.I., an algorithm based 
on the tiny mammmals’ echo location abili¬ 
ties has been developed and implemented 
in a very large-scale integrated circuit. 

BIRTH OF CMOS. Complementary MOS, to¬ 
day’s premier semiconductor memory tech¬ 
nology, first went public at the 1968 Inter¬ 
national Electron Devices Meeting in 
Washington, D.C. But, as a pioneer from 
those times recalls, many obstacles had to 
be overcome before the process could go 
commercial. 
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HowAllied-Signal engineers 
put the brakes on solenoid 
vak design and prototyping costs. 



speeding through development with the 
power of MSC/EMAS. 

The product development group at Allied-Signal 
Automotive needed a comprehensive electro¬ 
magnetic finite element analysis system 
as part of its concurrent engi¬ 
neering effort. The purpose 
was to accelerate the 
development of solenoid 
valves and put the skids 
on prototyping costs. 

After comparing CAE 
packages from a wide 
variety of software 
companies, the 
design engineers ^ 
chose MSC/EMAS. ^ 

MSC/EMAS proved to he a 
model solution. 

MSC/EMAS provided a number of advantages. By inter¬ 
mixing one-, two- and three-dimensional elements, Allied- 
I Signal engineers were able 
to reduce model building 
and solution times. MSC/ 
EMAS’s push-button results 
processing helped them 
visualize how to reduce 
materials while increasing 
performance. Device per¬ 
formance factors improved 
by as much as 25%. Empi- 
I rical data, correlating to 
within 93% of MSC/EMAS results, confirmed the benefits. 

Electric and magnetic field problems are no problem 
for MSC/EMAS. 

Electrical engineers use MSC/EMAS to solve electric and 
magnetic field problems involving linear, non-linear and 



anisotropic materials. 
The program lets users 
analyze the entire range 
of electromagnetic 
behavior... from electro¬ 
statics and non-linear 
magnetostatics to eddy currents 
and wave propagation up to optical 
frequencies, 'vdiat’s more, these 
varied applications can be accurately 
simulated under one powerful, easy-to- 
use program. 

MSC/EMAS is available on a variety 
of computer platforms, from engineering 
workstations to supercomputers, and is 
backed by the most comprehensive support, 
training and documentation in the industry. 

No wonder MSC/EMAS is the world’s premier 
software package for electromagnetic analysis. 

Current information on our 
concurrent family of products. 

Apply MSC/EMAS to your company’s 
toughest electromagnetic field problems. 

For videos or brochures on MSC/EMAS 
or any member of MSC’s complete 
family of computer-aided engineering 
software, call us at (800) 336-4858 or 
(213) 258-9111. We’ll help you speed development while putting 
^e brakes on costs. 


SIMPLY powerful: 



MacNeal-Schwendler 

Corporation 


MSQEMAS 

The Perfect * Complement to MSC/NASTRAN 

Circle No. 5 







A few thousand words about... 
HYPERSIGNAL-WINDOWS™ 


@ : □ 
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Comprehensive Advanced Engineering Environment 
for Engineers and Scientists. 
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For a few more words, including 
catalog and demo disks, contact: 


Hyperception, Inc. 
9550 Skillman LB 125 
Dallas, Texas 75243 

phone(214)343-8525 
fax (214) 343-2457 


International Representatives: 


GERMANY-Electronic Tools, phone:(02102) 841013, TLX 1631 +BTX 021028410131+, fax: (02102) 841000*UK, IRELAND-Loughborough Sound Images, LTD., 
phone:(0509) 231843,TLX341409 LUFBRA G.fax; (0509) 262433* FINLAND-ITT, phone: (90)739 100,TLX 121450 MultiKomponent, fax: (90) 712 414* FRANCE - 
BORES Technical Sales, phone: CC44 (0483) 740138, fax: (0483)740136*DENMARK - Assentoft Electronics, phone: (06) 16 29 26, fax: (86) 16 20 12*1SRAEL - lES 
Ltd., phone: (03) 7510927*TA1WAN, ROC-EXARTECH International Corp., phone: 5372201~3,fax:(02) 5422689,TLX:26173 EXARTECH 
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